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Disclaimer 
 
This report is provided by the Texas Engineering Experiment Station (TEES) pursuant to Section 388.005 
and Section 388.003, (2) (A) & (B) of the Texas Health and Safety Code and is distributed for purposes of 
public information. The information provided in this report is intended to be the best available information 
at the time of publication. TEES makes no claim or warranty, express or implied, that the report or data 
herein is necessarily error-free. Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not constitute or imply its endorsement, 
recommendation, or favoring by the Energy Systems Laboratory or any of its employees.  The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the Texas Engineering 
Experiment Station or the Energy Systems Laboratory. 
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1 EXECUTIVE SUMMARY 
This report provides documentation about the Energy Systems Laboratory’s Emissions and Energy 
Calculator (eCALC), including information about the web structure, new building models, and community 
projects. In each of the sections a description of the basic user input is provided, and a description of the 
analysis that eCALC performs once the use submits a project for analysis. This report also provides a brief 
summary of the literature reviews for the analysis methods that were developed to document the 
uncertainty reported in the literature, including: F-Chart, PV F-Chart, ASHRAE’s Inverse Model Toolkit 
(IMT), Cool Roofs, and the DOE-2 program. This report also provides a description of the methods used to 
assemble actual weather data files for 1999 through 2003 for use in eCALC. 
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2 GENERAL  
 
In the Fall of 2003, the Energy Systems Laboratory (ESL) formed a partnership with the Texas 
Commission for Environmental Quality (TCEQ), and the USEPA, to enhance the Emissions Reduction 
Calculator. Since then, the Laboratory has worked closely with the TCEQ, using funding provided by the 
USEPA, to enhance the calculator. This section of the report provides additional details about the web-
based structure of the Laboratory’s web-based calculator, including a complete description of each of the 
major modules contained in the calculator. 
2.1 Web structure  
 
Figure 1 provides a block diagram of the various software elements contained in the ESL’s web-based 
emissions calculator. The calculator is composed of four major elements, including: a web interface, a 
calculation engine, a weather database, and a general project/operations database. The web interface 
handles the interaction with the user, which includes receiving the general project information (including 
their email address for returning the results). Instructions from the user are passed to the calculation engine 
along with other information kept in the calculator’s libraries. Once the user decides on a particular 
analysis, the calculator then routes their information into one of several legacy models, including the DOE-
2 program for building simulation analysis (LBNL 2000)1, the F-CHART program for solar thermal 
analysis2, and PV F-CHART program for solar photovoltaic analysis (Haberl 2004b)3, the ASHRAE 
Inverse Model Toolkit (IMT) for monthly utility billing analysis used in the monthly municipal, traffic 
light, street light, water, waste-water and wind energy analyses.4  A special-purpose peak-extractor has also 
been developed for extracting either the peak day use (i.e., DOE-2 simulations), or the coefficients that can 
derive the peak day use5. Annual and peak-day savings are then passed to the USEPA’s eGRID database, 
where specific emissions data are contained for the electric utility provider associated with the user. 
 
Figure 2 illustrates the screen that the eCALC user sees to select the different models. There are three 
groups of models, including: New Building Models, Community Projects, and Renewables. Those in the 
New Building Models group include single-family residential, multi-family residential, and two choices of 
commercial buildings, including: office and retail models which represent the two largest groups of 
commercial buildings in Texas, according to the USDOE’s Energy Information Agency’s Commercial 
Building Energy Characteristics (CBECS 1995) database.  The second group includes models for 
Community Projects, including: two municipal models (new construction and retrofit), two street light 
models (new construction and retrofit), two traffic light models (new construction and retrofit), a retrofit 
model for municipal water supply projects, and a retrofit model for municipal waste-water projects. In the 
third category, three models for renewable energy projects includes: solar photovoltaic, two solar thermal 
models (pool and DHW), and a model for wind energy systems.  
                                                 
1 Additional information on the DOE-2 program can be found at the Lawrence Berkeley National Laboratory’s website: 
www.lbnl.gov.  
2 Additional information on the F-Chart program can be found at Klein, S. A., W.A. Beckman, 1993. F-Chart Solar Energy System 
Analysis: Version 6.17W, F-Chart Software, 4406 Fox Bluff Road, Middleton, Wisc. 53562, www.fchart.com. 
3 Additional information of the PV F-Chart program can be found at F-Chart Solar Energy System Analysis: Version 6.17W, F-Chart 
Software, 4406 Fox Bluff Road, Middleton, Wisc. 53562, www.fchart.com. 
4 Additional information on the ASHRAE Inverse Model Toolkit can be found at Kissock, K., J.S. Haberl, and D.E. Claridge. 2002. 
Development of a Toolkit for Calculating Linear, Change-point Linear and Multiple-Linear Inverse Building Energy Analysis 
Models. Final Report for ASHRAE Research Project 1050-RP. 
5 A description of the peak day extractor was provided in the Laboratory’s 2003 report to the TCEQ, and can be found in Haberl, J., 
Im, P., Culp, C. 2004. NOx Emissions Reductions From Implementation of the 2000 IECC/IRC Conservation Code to Residential 
Construction in Texas. Proceedings of the Fourteenth Symposium on Improving Building Systems in Hot and Humid Climates, 
Texas A&M University, Richardson, Texas, accepted for publication (February), pp. 139-150.  
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Figure 1: Block-diagram showing interactive-functionality of the emissions reduction calculator. 
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Figure 2: Laboratory’s Enhanced Emissions Reduction Calculator (Main eCALC Screen). 
2.2 New Building Models  
 
The emissions calculator calculates the emissions reductions from the implementation of the Texas 
Building Energy Performance Standards (TBEPS) by comparing the energy use of a user’s building against 
the energy use of a building that would have been built prior to TBEPS (Pre-code). The calculator also 
allows for the calculation of energy savings and the resultant emissions reductions for buildings that are 
more efficient than the code by allowing the user to compare their energy use against a similar building that 
is built to be compliant with the 2000/2001 IECC for residential single-family and multi-family 
construction, and the ASHRAE Standard 90.1-1999 for commercial buildings.  
2.2.1 Single-family User Input 
 
The user input screens for the single-family model can be seen in Figure 3 through Figure 9. In Figure 3, 
the user is directed to input their project information, including an email address that will receive the 
analysis results from the calculator. The user also must provide the county in which the project is located. 
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This information is used to configure the default Power Control Authority (PCA), or Power Provider, 
which is shown as the next input. In this input, the user can select from one or more PCAs that provide 
power to that county, according to the county-PCA matrix provided by the Texas Public Utilities 
Commission. The user can also provide information about the available utilities, which is intended to be 
used in the residential retrofit analysis.  
 
Once the user has provided the information requested in Figure 3, the user is automatically directed to 
Figure 4, the express entry screen for single-family residential. In Figure 4, the required DOE-2 inputs 
(Table 3) have been reduced to twelve entries that are required for an express analysis. If the user desires 
additional details about the input parameters, they can switch to the detailed calculation, which takes them 
to the input screens shown in Figure 5 to Figure 8. In Figure 5, additional inputs are allowed for the number 
of people in the building and the number of bedrooms, which is used in the IECC-required sizing of the 
Domestic Water Heating system. The user is also allowed to reconfigure the simulation to include a 
crawlspace, versus the slab-on-grade simulation that is the default. 
 
In Figure 6, the user is allowed to change the shape of the shading provided by the building’s eaves on a 
given orientation. Initially, the building is configured without any significant shading from the eaves. In 
Figure 7, additional information is requested for the building construction, including such features as the 
color of the roof and walls, which changes the solar absorption. Also, the user is allowed to change specific 
details about the windows including the type of frame, the u-factor, the solar heat gain coefficient, and the 
size of the windows according to the window-to-wall ratio (%). The user is also allowed to change the 
insulation on the floor, i.e., slab-on-grade or crawl space. 
 
Finally, in Figure 8, the user is allowed to provide additional details about the heating/cooling/DHW 
systems, including the fuel type, air conditioner efficiency (Seasonal Energy Efficiency Ratio, SEER), heat 
pump efficiency (Heating Seasonal Performance Factor, HSPF), domestic water heater efficiency (%), and 
gas furnace efficiency (Annual Fuel Utilization Efficiency, AFUE). The user can also change the number of 
pilot lights associated with the gas furnace and gas DHW. 
 
When the user is completed with their project input, they can submit the project for analysis, which is 
acknowledged by the emissions calculator in Figure 9. 
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Figure 3: Single-family Residence Data Entry Screen (Project Input).  
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Figure 4: Single-family Residence Data Entry Screen (Express Input). 
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Figure 5: Single-family Residence Data Entry Screen (Detailed Building Input). 
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Figure 6: Single-family Residence Data Entry Screen (Detailed Shade Input). 
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Figure 7: Single-family Residence Data Entry Screen (Detailed Construction Input). 
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Figure 8: Single-family Residence Data Entry Screen (Detailed System Input). 
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Figure 9: Single-family Residence Project Confirmation Screen. 
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2.2.2 Single-family and Multi-family Analysis Description  
 
When the user submits their residential project for analysis, the emissions calculator performs a series of 
calculations, as indicated in Figure 10. For each analysis, the user’s building description input is compared 
with pre-code values (Table 1)6, and code-compliant values (Table 2)7.  These user-defined input 
parameters are then passed to the DOE-2 simulation program along with additional, pre-defined parameters 
(Table 3 – Single-Family, Table 4 – Multi-Family) and the 1999 weather data8 associated with the county. 
The DOE-2 program then generates three output files (i.e., one output for pre-code simulation, one for the 
code-compliant simulation, and one for the user-defined building) as shown in Table 5 through Table 7. 
 
In Table 1, the variables from the National Association of Home Builders’ (NAHB) Builder’s Survey are 
shown. For each county these include the name of the TMY2 weather tape9, the NAHB designation (i.e., 
east or west Texas designation), the NAHB’s window to wall area (as reported by the builders10), glazing 
U-value and SHGC values reported by the builders, as well as roof and wall insulation values. These values 
are used in the pre-code simulation simulation input. 
 
In Table 2, the variables from the 2000 International Energy Conservation Code (2000 IECC) data are 
shown. For each county these include the name of the TMY2 weather tape, the NAHB’s window to wall 
area (as reported by the builders11), and the glazing U-value and SHGC values from the 2000 IECC for the 
climate zone associated with each county. The roof and wall U-values represent the maximum value from 
either the NAHB survey or the 2000 IECC12. These values are used in the code-compliant simulation input. 
 
In Table 3 (Single-Family Residential) and Table 4 (Multi-Family Residential), the complete list of DOE-2 
inputs are shown, including parameters for DOE-2’s LOADS inputs, and SYSTEMS inputs. For each input, 
the parameter number is listed, a description of the parameter, its default value, status of the variable, and 
specific comments about the parameter. In the status column, parameters indicated as “user defined” are 
parameters that can be changed by the user on the web page input to the emissions calculator (Figure 12 
and Figure 13).   
 
Once the user submits their analysis to the emissions calculator, it calculates the code-compliant, pre-code, 
and user simulations. The calculator then extracts specific information from the simulations as shown in 
Table 5 through Table 7.  In Table 5, the DOE-2 Building Energy Performance Summary (BEPS) output is 
shown from which the building’s energy use (Btu) is extracted. In Table 6, the DOE-2 Building Energy 
Performance Summary Utility Units (BEPU) output is shown from which the building’s energy use (kWh, 
Therms) is extracted. Finally, in Table 7, the DOE-2 Hourly-Report is shown for August 19, 1999, which is 
used to calculate the peak-day energy and emissions savings. 
 
In the next step of the analysis, the emissions calculator calculates the NOx, SOx and CO2 using the 
USEPA’s eGRID database. To accomplish this, the electricity use associated with a specific county and 
Power Control Authority (Table 9) is fed into the eGRID matrix (Table 8).  eGRID then proportions the 
emissions to the power plants according to the actual electricity produced in 1999 for the plants associated 
with the Power Control Authority (PCA). The PCA assignment to each county was made according to the 
Texas Public Utility Commission’s published power suppliers13. These PCA assignments then determine 
                                                 
6 These pre-code values use the Builder Survey information collected by the National Association of Home Builders for the State of 
Texas (NAHB 2000). 
7 The code-compliant values are from the 2000 IECC, as modified by the 2001 Supplement for the climate zone associated with the 
county in which the project takes place.  
8 See Section 0 for additional information on the 1999 weather data.  
9 The TMY2 weather files were used in the Laboratory’s 2002 and 2003 Annual Report. In this report, and in the Emissions 
Calculator, weather files from data measured in 1999 are used. 
10 This value is calculated from the reported number of windows times the most common type of window installed, as defined by a 
2003 phone survey of building suppliers.  
11 The code-compliant simulation using the 2000 IECC uses the same window-to-wall areas as the NAHB data. This is done to 
normalize the building’s window area.  
12 The use the maximum U-value from the NAHB survey or the 2000 IECC prevents the analysis from simulating a code-compliant U-
value that is smaller than the NAHB’s value.  
13 Obtained from PUCT website: http://www.puc.state.tx.us. November, 2002.  
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which column is entered in Table 8. In the first column in Table 8, the counties are grouped to the TCEQ’s 
State Implementation Plan (SIP) area. The second column lists the county name. In the third and fourth 
columns, which are repeated for each PCA, the published NOx emissions (lbs-NOx/MWh) are listed in 
column 3, which are then shown multiplied by ratio of electricity saved, located at the bottom of the 
column. In Table 8, emissions are being calculated for Reliant HL&P, in this case 13,370.5 MWh are 
shown to produce 33,158.84 lbs of NOx, or 16.58 tons/year across 22 counties where HL&P produced 
emissions in 1999. 
 
These results are then reported by the emissions calculator as shown in Table 10, which is emailed to the 
user as HTML and XML files. In Table 10, the basic project information is reported at the top of the figure, 
and includes the project ID14, user’s email address and type of analysis. The emissions calculator then 
contains a series of reports that show the:  1) total annual energy savings, 2) daily savings on the ozone 
peak day, for pre-code, code-complaint and user-defined simulations, including energy saved (kWh, or 
Therms), and 3) 1998 and projected 2007 emissions reductions15 from eGRID (NOx, SOx and CO2). 
                                                 
14 In the future, this project ID will allow a user to run and save the analysis on a database associated with the emissions calculator.   
15 In Table 10 the emissions reductions are shown for 1998 and values projected for 2007. Future versions of the calculator are 
intended to include 1999 and projected 2007 values. 
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Figure 10: Single- and Multi-family Residence Analysis Flowchart. 
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Table 1: Single- and Multi-family Residence Analysis Flowchart (Table 1: NAHB Data). 
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Table 2: Single- and Multi-family Residence Analysis Flowchart (Table 2: 2000 IECC Data) 
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Table 3: Single- and Multi-family Residence Analysis Flowchart (Complete Listing of Input Parameters for 
Single-family model). 
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Table 4: Single- and Multi-family Residence Analysis Flowchart (Complete Listing of Input Parameters for 
Multi-family model). 
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Figure 11: Single- and Multi-family Residence Analysis Flowchart (Tables 3a-3e:  1999 Weather Data). 
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1SB5 PROJECT                             RESIDENTIAL PROTOTYPE                    DOE-2.1E-119  Fri Oct  8 13:21:56 2004PDL 
RUN  1
 PLANTS DESCRIPTION                      RESIDENTIAL SYSTEM                                                              
 REPORT- BEPS  BUILDING ENERGY PERFORMANCE SUMMARY                                           WEATHER FILE- GGG 1999         
 
---------------------------------------------------------------------------------------------------------------------------
------
                                   ENERGY TYPE:   ELECTRICITY   NATURAL-GAS 
                                   UNITS: MBTU
                                CATEGORY OF USE
                                ---------------
                                    AREA LIGHTS          13.2           0.0
                                   MISC EQUIPMT          13.2           0.0
                                     SPACE HEAT           0.0          14.0
                                     SPACE COOL           8.9           0.0
                                   PUMPS & MISC           0.3           0.0
                                      VENT FANS           1.4           0.0
                                   DOMHOT WATER           0.0          12.1
                                                   ----------    ----------
                                          TOTAL          36.9          26.1
                    TOTAL SITE ENERGY        63.01 MBTU     25.2 KBTU/SQFT-YR GROSS-AREA     25.2 KBTU/SQFT-YR NET-AREA
                    TOTAL SOURCE ENERGY     136.89 MBTU     54.8 KBTU/SQFT-YR GROSS-AREA     54.8 KBTU/SQFT-YR NET-AREA
                    PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE =  0.0
                    PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                =  0.0
                    NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.  
Table 5:  Single- and Multi-family Residence Analysis Flowchart (Table 3a:  Sample of DOE-2.1e Output 
for Single-Family Unit – BEPS). 
1SB5 PROJECT                             RESIDENTIAL PROTOTYPE                    DOE-2.1E-119  Fri Oct  8 13:21:56 2004PDL 
RUN  1
 PLANTS DESCRIPTION                      RESIDENTIAL SYSTEM                                                              
 REPORT- BEPU  BUILDING ENERGY PERFORMANCE SUMMARY (UTILITY UNITS)                           WEATHER FILE- GGG 1999         
 
---------------------------------------------------------------------------------------------------------------------------
------
                                   ENERGY TYPE:   ELECTRICITY   NATURAL-GAS 
                                    SITE UNITS:       KWH           THERM   
                                CATEGORY OF USE
                                ---------------
                                    AREA LIGHTS         3854.            0.
                                   MISC EQUIPMT         3854.            0.
                                     SPACE HEAT            0.          140.
                                     SPACE COOL         2617.            0.
                                   PUMPS & MISC           79.            0.
                                      VENT FANS          417.            0.
                                   DOMHOT WATER            0.          121.
                                                   ----------    ----------
                                          TOTAL        10821.          261.
            TOTAL ELECTRICITY     10821. KWH         4.328 KWH     /SQFT-YR GROSS-AREA    4.328 KWH     /SQFT-YR NET-AREA
            TOTAL NATURAL-GAS       261. THERM       0.104 THERM   /SQFT-YR GROSS-AREA    0.104 THERM   /SQFT-YR NET-AREA
                    PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE =  0.0
                    PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                =  0.0
                    NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.  
Table 6: Single- and Multi-family Residence Analysis Flowchart (Table 3b:  Sample of DOE-2.1e Output 
for Single-Family Unit – BEPU). 
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1SB5 PROJECT                             RESIDENTIAL PROTOTYPE                    DOE-2.1E-119  Fri Oct  8 13:21:56 2004SDL 
RUN  1
 SYSTEM DESCRIPTION                      RESIDENTIAL SYSTEM                                                              
 REP1             = HOURLY-REPORT                                                                                     
PAGE231 -  1
 
---------------------------------------------------------------------------------------------------------------------------
------
         GLOBAL      END-USE       END-USE 
                                           
         DRY BULB    HEATING       DHW HEAT
         TEMP        FUEL PA1      FUEL PA1
         F           BTU/HR        BTU/HR  
                                           
         ----( 8)    ----(15)      ----(18)
  819 1      81.0         0.000      1135.721
  819 2      80.0         0.000      1135.721
  819 3      77.0         0.000      1135.721
  819 4      79.0         0.000      1135.721
  819 5      75.0         0.000      1135.721
  819 6      75.0         0.000      1135.721
  819 7      80.0         0.000      1135.721
  819 8      84.0         0.000      1135.721
  819 9      90.0         0.000      1135.721
  81910      94.0         0.000      1135.721
  81911      97.0         0.000      1135.721
  81912      98.0         0.000      1135.721
  81913     103.0         0.000      1135.721
  81914     104.0         0.000      1135.721
  81915     103.0         0.000      1135.721
  81916     102.0         0.000      1135.721
  81917     102.0         0.000      1135.721
  81918     100.0         0.000      1135.721
  81919      93.0         0.000      1135.721
  81920      85.0         0.000      1135.721
  81921      87.0         0.000      1135.721
  81922      83.0         0.000      1135.721
  81923      80.0         0.000      1135.721
  81924      80.0         0.000      1135.721
0 DAILY SUMMARY (AUG 19)
     MN      75.0         0.000      1135.721
     MX     104.0         0.000      1135.721
     SM    2132.0         0.000     27257.299
     AV      88.8         0.000      1135.721  
Table 7: Single- and Multi-family Residence Analysis Flowchart (Table 3c:  Sample of DOE-2.1e Output – 
Hourly report August 19, 1999). 
 
Table 8: Single- and Multi-family Residence Analysis Flowchart (Table 4: eGRID emissions database). 
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Table 9: Single- and Multi-family Residence Analysis Flowchart (Table 5: PUC-PCA Info. by County). 
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Report on Project 1343: SB5, GREGG 
 
Project Information  
Project ID 1343 
Job ID 1006 
County GREGG 
Project Name SB5 
Project POC EMail User name@domain.com 
Project Type Single Family   
 
 
1: ANNUAL Energy Savings  
 
1.1: ANNUAL Energy Consumption  
 
Consumption Electricity  (kWh) 
Natural Gas  
(MMBtu) 
PreCode 11,889 26
Code 11,261 23
User Input 10,821 26 
 
1.2: ANNUAL Savings - Energy  
 
Comparison Electricity  (kWh)# 
Natural Gas  
(MMBtu)# 
Code vs PreCode 628 3
Code vs User Input 440 -3
User vs PreCode -1,068 0 
 
1.3: ANNUAL Emissions  
 
1998  2007 
 
Emissions (in lbs)#  Emissions (in lbs)# 
Comparison 
NOx SOx CO2  
Comparison 
NOx SOx CO2  
Precode 2.40 0.02 3,069.93 Precode 2.40 0.02 3,069.93
Code 2.12 0.01 2,705.30 Code 2.12 0.01 2,705.30
User Input 2.40 0.02 3,069.93 User Input 2.40 0.02 3,069.93
  
Table 10: Single- and Multi-family Residence Analysis Flowchart (Table 6: Web based output for 
Emissions Reductions). 
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Figure 12: Single- and Multi-family Residence Analysis Flowchart (Figure 1: Excerpt from web- based 
user interface for Single Family Residence). 
 
Figure 13: Single- and Multi-family Residence Analysis Flowchart (Figure 1: Excerpt from web-based user 
interface for Multi-Family Residence). 
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2.2.3 Commercial Buildings 
2.2.3.1 Office Building User Input 
 
The user input screens for the office building model can be seen in Figure 14 through Figure 20. In Figure 
14, the user is directed to input their project information, including an email address that will receive the 
analysis results from the calculator.  The user also must provide the county in which the project is located. 
This information is used to configure the default Power Control Authority (PCA), or Power Provider, 
which is shown as the next input. In this input the user can select from one or more PCAs that provide 
power to that county, according to the county-PCA matrix provided by the Texas Public Utilities 
Commission. The user can also provide information about the available utilities, which is intended to be 
used in the residential retrofit analysis.  
 
Once the user has provided the information requested in Figure 14, the user is automatically directed to 
Figure 15, the express entry screen for office buildings. In Figure 15, the required DOE-2 inputs (Table 13 
and Table 14) have been reduced to fourteen entries that are required for an express analysis, including 
information about the building, the roof, the walls, the windows, and the HVAC system. If the user desires 
additional details about the input parameters, they can switch to the detailed calculation, which takes them 
to the input screens shown in Figure 16 to Figure 20. In Figure 16, additional building inputs are allowed 
for the area per person, the lighting load, and the equipment load, the number of floors, azimuth of the 
building, building width and length, floor-to-floor height, floor-to-ceiling height, and whether or not the 
building has floors underground.  
 
In Figure 17, the user can enter information about the building’s shaded surfaces. In the office and retail 
building simulations, these shades are assumed to represent eaves that project outward at the roof level. In 
Figure 17, the user has the option to change the length of the projection of the shade for each of the four 
building walls. These shades are repeated for each floor of the building. 
 
In Figure 18, the user can change the inputs that describe the building’s construction, incuding the roof, 
walls, windows and floor. The inputs for the roof and walls include the insulation levels and the color of the 
roof or walls that affects the solar absorptivity. The inputs for the window include the window frame type, 
window U-value, Solar Heat Gain Coefficient (SHGC), and window-to-wall area, which is fixed for all 
orientations16. Floor inputs include the floor construction and insulation values. 
 
In Figure 19, the user is allowed to change the HVAC system inputs, including the type of system, 
economizer operation, and information about the building’s fans. Figure 20 allows the user to change 
details about the building’s heating and cooling plant, including the type of heating, cooling and water 
heating fuel, and the efficiencies of the different equipment. 
 
 
 
                                                 
16 This feature is intended to change in the next version of the emissions calculator to allow for varying window to wall areas on 
different orientations. 
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Figure 14: Office Building Data Entry Screen (Project Input). 
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Figure 15: Office Building Data Entry Screen (Express Input). 
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Figure 16: Office Building Data Entry Screen (Detailed Building Input). 
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Figure 17: Office Building Data Entry Screen (Detailed Shade Input).  
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Figure 18: Office Building Data Entry Screen (Detailed Construction Input). 
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Figure 19:  Office Building Data Entry Screen (Detailed System Input).  
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Figure 20: Office Building Data Entry Screen (Detailed Plant Input).  
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2.2.3.2 Office and Retail Analysis Description   
 
When the user submits their commercial building project for analysis, the emissions calculator performs a 
series of calculations, as indicated in Figure 21. For each analysis, the user’s building description input is 
compared with pre-code values (Table 11)17 and code-compliant values (Table 12)18. These user-defined 
input parameters are then passed to the DOE-2 simulation program along with additional, pre-defined 
parameters (Table 13 and Table 14) and the 1999 weather data19 associated with the county. The DOE-2 
program then generates three output files (i.e., one output for pre-code simulation, one for the code-
compliant simulation, and one for the user-defined building) as shown in Table 15, Table 16, and Table 17. 
In Table 15, the DOE-2 Building Energy Performance Summary (BEPS) output is shown from which the 
building’s energy use (Btu) is extracted. In Table 16, the DOE-2 Building Energy Performance Summary 
Utility Units (BEPU) output is shown from which the building’s energy use (kWh, Therms) is extracted. 
Finally, in Table 17, the DOE-2 Hourly-Report is shown for August 19, 1999, which is used to calculate 
the peak-day energy and emissions savings. 
 
In the next step of the analysis, in a similar fashion as the residential simulation, the emissions calculator 
calculates the NOx, SOx, and CO2 using the USEPA’s eGRID database. These results are then reported by 
the emissions calculator in a format that is similar to that shown in Table 10 for residential and emailed to 
the user as HTML and XML files.  
 
                                                 
17 These pre-code values assume the building is built to be compliant with ASHRAE Standard 90.1-1989 (ASHRAE 1989). 
18 The code-compliant values assume the building is built to be compliant with ASHRAE Standard 90.1- 1999 (ASHRAE 1999). 
19 See Section 0 for additional information on the 1999 weather data.  
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Figure 21:  Office and Retail Building Analysis Flowchart. 
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Table 11: Office and Retail Building Analysis Flowchart (Table 1: ASHRAE Data from ASHRAE 
Standard 90.1-1989). 
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Table 12: Office and Retail Building Analysis Flowchart (Table2: ASHRAE Data from ASHRAE Standard 
90.1- 1999). 
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Table 13: Office and Retail Building Analysis Flowchart (Complete Listing of Input Parameters for Office 
and Retail model: part 1). 
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Table 14: Office and Retail Building Analysis Flowchart (Complete Listing of Input Parameters for Office 
and Retail model: part 2). 
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Table 15: Office and Retail Building Analysis Flowchart (Table 3a: Sample of DOE-2.1e Output for Office 
– BEPS). 
 
Table 16: Office and Retail Building Analysis Flowchart (Table 3b: Sample of DOE-2.1e Output for Office 
– BEPU). 
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Table 17: Office and Retail Building Analysis Flowchart (Table 3c: Sample of DOE-2.1e Output – Hourly 
report for August 19, 1999). 
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2.3 Community Projects   
 
The emissions calculator also calculates the emissions reductions from the municipal projects, such as those 
that Political Subdivisions are required to report to the Texas State Energy Conservation Office (SECO). 
These projects include municipal buildings (new construction and retrofits), street lights (new construction 
and retrofits), traffic lights (new construction and retrofits), municipal water supply and waste-water 
systems (retrofit only), and wind energy systems (new systems connected to the grid).  
2.3.1 Municipal Buildings 
 
The emissions calculator offers two types of projects for municipal buildings – new construction and 
retrofit projects, which are explained further in the following sections. Access to the two different project 
types occurs during the selection of the “project classification”. 
2.3.1.1 Municipal Buildings - New Construction Input Screens 
 
The New Construction input screen can be selected during the project entry screen, as shown in Figure 22. 
When the user has selected the “new construction” option and submits the project information to the 
emissions calculator, the calculator redirects the user to the “office” building screen, where the user can 
then enter the information about the new municipal building. This building will then be compared to both 
code-compliant and pre-code construction, and the different energy use and emissions levels will be 
calculated by the emissions calculator using the ASHRAE 90.1-1989 Standard for pre-code construction 
and ASHRAE 90.1-1999 Standard for the code-compliant construction. 
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Figure 22: Municipal Buildings New Construction Data Entry Screen (Project Input). 
2.3.1.2 Municipal Buildings -Retrofit Building Data Input Screens 
 
The user input screens for municipal building retrofit projects begin with the same project input screen that 
was used for the municipal building new construction project shown in Figure 23, with the exception that 
the project classification selection is for retrofit. When the user submits this type of project to the emissions 
calculator they are directed to the screen shown in Figure 24. This input screen asks for specific 
information about the building or group of buildings represented by the before-after monthly utility bills. 
Specifically, the user is asked whether the building has the heating provided by electricity, natural gas, or 
none, which represents buildings without heating systems. Similar information is asked for the cooling 
system.  When the user completes the screen shown in Figure 24, they are redirected to the screen shown in 
Figure 25 where they are asked for the beginning date for the 12 months of pre-retrofit data, and the date 
for the retrofit.  
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After entering this information, the user can then begin entering the pre-retrofit and post-retrofit data into 
the screen shown in Figure 26. When the user completes entering 12 months of both the pre-retrofit and 
post-retrofit data, they press the “done with both bills” button and the project is submitted for analysis. 
 
 
 
Figure 23: Municipal Buildings Retrofit Data Entry Screen (Project Input). 
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Figure 24: Municipal Buildings Retrofit Data Entry Screen (Heating or Cooling Fuel Input). 
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Figure 25: Municipal Buildings Retrofit Data Entry Screen (Project Pre and Post Dates). 
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Figure 26: Municipal Buildings Retrofit Data Entry Screen (Pre and Post Utility Bill Input). 
Page 56 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
 
2.3.1.3 Municipal Buildings - Retrofit Building Analysis Description 
 
When the user submits their municipal building retrofit project for analysis, the emissions calculator 
performs a series of calculations, as indicated in Figure 27. For each analysis, the user is required to enter 
12 pre-retrofit utility bills and 12 post-retrofit utility bills as shown in Table 18.  To perform the appropriate 
weather normalization, ASHRAE’s Inverse Model Toolkit (Kissock et al. 2002) is used to develop change-
point linear models for both the pre-retrofit and post-retrofit period using daily average NOAA weather 
data from the nearest weather location (Figure 28). As shown in Figure 27, IMT then produces pre-retrofit 
and post-retrofit coefficients (Table 20) that are used to determine the annual energy use in 1999 and the 
1999 peak day energy use for the Ozone Episode Day (August 19, 1999) as shown in Table 21 and Figure 
29. 
 
In the next step of the analysis and in a similar fashion to the analysis shown for the residential simulation 
(Figure 10), the emissions calculator calculates the NOx, SOx, and CO2 using the USEPA’s eGRID 
database. These results are then reported by the emissions calculator in a format that is similar to that 
shown in Table 10 for residential and are emailed to the user as HTML and XML files. 
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Figure 27: Municipal Building Retrofit Analysis Flowchart. 
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Pre-OE              
Start Date End Date Days Energy Usage  Usage Per Period   
Avg 
Period 
Temp. 
1/13/2000 2/13/2000 31 544.00 17.55   55.09 
2/13/2000 3/12/2000 28 447.00 15.96   65.93 
3/12/2000 4/10/2000 29 483.00 16.66   65.38 
4/10/2000 5/10/2000 30 1020.00 34.00   73.80 
5/10/2000 6/12/2000 33 1609.00 48.76   78.48 
6/12/2000 7/9/2000 27 1530.00 56.67   83.11 
7/9/2000 8/9/2000 31 1267.00 40.87   86.16 
8/9/2000 9/12/2000 34 1619.00 47.62   87.29 
9/12/2000 10/10/2000 28 1174.00 41.93   72.32 
10/10/2000 11/9/2000 30 558.00 18.60   68.27 
11/9/2000 12/10/2000 31 394.00 12.71   51.71 
12/10/2000 12/31/2000 21 426.00 20.29   43.48  
Table 1: Pre-Retrofit Sample Monthly Electricity Bills 
Post-OE             
Start Date End Date Days Energy Usage  Usage Per Period   
Avg 
Period 
Temp. 
1/13/2001 2/13/2001 31 556.00 17.94   50.97 
2/13/2001 3/12/2001 27 457.00 16.93   57.11 
3/12/2001 4/10/2001 29 367.00 12.66   60.86 
4/10/2001 5/10/2001 30 860.00 28.67   70.57 
5/10/2001 6/12/2001 33 1599.00 48.45   78.00 
6/12/2001 7/9/2001 27 1380.00 51.11   82.52 
7/9/2001 8/9/2001 31 1033.00 33.32   87.65 
8/9/2001 9/12/2001 34 1500.00 44.12   82.18 
9/12/2001 10/10/2001 28 1103.00 39.39   73.18 
10/10/2001 11/9/2001 30 510.00 17.00   66.90 
11/9/2001 12/10/2001 31 270.00 8.71   59.55 
12/10/2001 12/31/2001 21 410.00 19.52   50.38  
Table 2:Post-Retrofit Sample Monthly Electricity Bills 
  
Table 18: Municipal Building Retrofit Analysis Flowchart (Table 1 & 2 Pre and Post Utility Bills). 
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Path and name of input data file = dflt_fchart.prn 
Value of no-data flag = -99 
Column number of group field = 0 
Value of valid group field = 1 
Residual file needed (1 yes, 0 no) = 1 
Model type (1:Mean,2:2p,3:3pc,4:3ph,5:4p,6:5p,7:MVR,8:HDD,9:CDD) = 4 
Column number of dependent Y variable = 7 
Number of independent X variables (0 to 6)  = 1 
Column number of independent variable X1 = 1 
Column number of independent variable X2 = 0 
Column number of independent variable X3 = 0 
Column number of independent variable X4 = 0 
Column number of independent variable X5 = 0 
Column number of independent variable X6 = 0 
Table3: Example of I.M.T Input File 
  
Table 19: Municipal Building Retrofit Analysis Flowchart (Table 3 – IMT Instructions File). 
 
  ASHRAE INVERSE MODELING TOOLKIT (1.9) 
 ******************************************** 
    Output file name = IMT.Out                                       
 ******************************************** 
    Input data file name =  dflt_fchart.prn                          
    Model type =           4P                       
    Grouping column No =    0 
    Value for grouping =    1 
    Residual mode =         1 
    # of X(Indep.) Var =    1 
    Y1 column number =      2 
    X1 column number =   1 
    X2 column number =   0 (unused) 
    X3 column number =   0 (unused) 
    X4 column number =   0 (unused) 
    X5 column number =   0 (unused) 
    X6 column number =   0 (unused) 
 ******************************************** 
    Regression Results 
   -------------------------------------- 
           N =     12 
   -------------------------------------- 
          R2 =     0.987 
   -------------------------------------- 
       AdjR2 =     0.987 
   -------------------------------------- 
        RMSE =      2.8479 
   -------------------------------------- 
     CV-RMSE =     4.844% 
   -------------------------------------- 
           p =     0.084 
   -------------------------------------- 
          DW =     1.762 (p>0) 
   -------------------------------------- 
          N1 =      8 
   -------------------------------------- 
          N2 =      4 
   -------------------------------------- 
         Ycp =     68.6995 (     10.3949) 
   -------------------------------------- 
          LS =      1.6155 (      0.1069) 
   -------------------------------------- 
          RS =      2.1659 (      0.3879) 
   -------------------------------------- 
         Xcp =     74.3220 (      0.7060) 
   -------------------------------------- 
   --------------------------------- 
Table 4: Example of  I.M.T. Coefficients 
  
Table 20: Municipal Building Retrofit Analysis Flowchart (Table 4 – IMT Output File). 
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Figure 2a: Daily report of Dry Bulb Temperature for Austin, 1999 
 
 
Figure 2b: Daily report of average wind speed for Austin, 1999 
 
 
Figure 2c: Daily report of average precipitation for Austin, 1999 
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Figure 28: Municipal Building Retrofit Analysis Flowchart (Figures 2a-2c – 1999 Weather Data). 
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Fig 3: Examples of Peak outputs  from Peak Day Extractor 
 
Peak Day:
August 20th, 1999 
T = 92 F 
60.80kWh/day 
Peak Day:
August 20th, 1999 
T = 92 F 
54.81kWh/day 
 
Figure 29: Municipal Building Retrofit Analysis Flowchart (Figure 3 – Example Peak Day Extraction). 
 
 
Energy Savings Pre-Retrofit 
(kWh)
Post-Retrofit 
(kWh)
Annual Sum 11,479.48 11,081.39
OSD Peak 56.18 51.15
OSD Average 50.06 46.29  
Table5: Examples of Energy Saving Outputs  from Peak Day Extractor 
  
Table 21: Municipal Building Retrofit Analysis Flowchart (Table 5 – Output From Peak Day Extractor). 
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2.3.2 Street Lights and Traffic Lights  
2.3.2.1 Street Lights - New Construction Input Screens 
 
The user input screens for new street light projects begin with the project input screen shown in Figure 30. 
When the user submits this type of project to the emissions calculator, they are directed to the screen shown 
in Figure 31. This input screen asks for specific information about the lamps in the project. For example, as 
shown in Figure 31 for the pre-retrofit mode, the user has specified that there are 12 mercury vapor lamps, 
type MV-100, that consume 100 Watts/lamp and produce 2,500 to 3,450 lumens/lamp, which use a photo 
cell on/off controller operating, on average, 12 hours per day in the first row. This type of lamp-by-lamp 
information is provided by the user for the pre-retrofit mode (Figure 31), and post-retrofit mode (Figure 
32).  
 
After entering this information for both pre-retrofit and post-retrofit modes, the user then submits the 
information to the emissions calculator by pressing the “calculate” button. The emissions calculator then 
calculates the annual and peak-day savings and emails the results to the user. 
 
 
 
Figure 30: Street Lights - New Construction Input Screens (Project Info). 
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Figure 31: Street Lights - New Construction Input Screens (Pre-retrofit Lamp Info). 
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Figure 32: Street Lights - New Construction Input Screens (Post-retrofit Lamp Info). 
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2.3.2.2 Traffic Lights - New Construction Input Screens 
 
The user input screens for new traffic light projects begin with the project input screen shown in Figure 33. 
When the user submits this type of project to the emissions calculator, they are directed to the screen shown 
in Figure 34. This input screen asks for specific information about the lamps in the project. For example, as 
shown in Figure 34 for the pre-retrofit mode, the user has specified green ball, green arrow, red ball, yellow 
arrow, yellow ball, and pedestrian type lamps. This type of lamp-by-lamp information is provided by the 
user for the pre-retrofit mode (Figure 34) and post-retrofit mode (Figure 35).  
 
After entering this information for both pre-retrofit and post-retrofit modes, the user then submits the 
information to the emissions calculator by pressing the “calculate” button. The emissions calculator then 
calculates the annual and peak-day savings and emails the results to the user. 
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Figure 33: Traffic Lights - New Construction Input Screens (Project Info). 
 
 
 
Figure 34: Traffic Lights - New Construction Input Screens (Pre-retrofit Lamp Info). 
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Figure 35: Traffic Lights - New Construction Input Screens (Post-retrofit Lamp Info). 
2.3.2.3 Street Lights and Traffic Lights - New Construction Analysis Description 
 
When the user submits their street light or traffic light analysis for a new construction project, the 
emissions calculator compares the pre-retrofit electricity use for the pre-retrofit lamps specified against the 
electricity use calculated for the post-retrofit lamps specified for the same operating hours as shown in 
Table 22 (Pre-retrofit lamp example) and Table 23 (Post-retrofit lamp example). The emissions calculator 
then calculates the annual and peak-day savings, as shown in Table 24 and Figure 37, using ASHRAE’s 
Inverse Model Toolkit (Kissock et al. 2002) to calculate a linear model of the the peak-day energy use for 
both the pre-retrofit and post-retrofit period using daily average NOAA weather data from the nearest 
weather location.   
 
In the next step of the analysis and in a similar fashion to the analysis shown for the residential simulation 
(Figure 10), the emissions calculator calculates the NOx, SOx, and CO2 using the USEPA’s eGRID 
database. These results are then reported by the emissions calculator in a format that is similar to that 
shown in Table 10 for residential and then emailed to the user as HTML and XML files. 
 
Page 68 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
 
 
 
Figure 36: Street Lights & Traffic Lights – New Design Mode Analysis Flowchart. 
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Pre-Retrofit:
Project No. Type of Lamp1 Class2 Watt/Lamp
Approximate 
Lumens/Lamp Controller Type
3 Operating Hours 
Per Day Number of Lamps
1 Mercury Vapor MV-400 400 13400~19100 Photocell 12 100
2 Mercury Vapor MV-175 175 6800~7600 Photocell 12 50
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -  
 
Table 1: Pre-Retrofit Lamp Information  
Table 22: Street Lights & Traffic Lights – New Design Mode Analysis Flowchart (Table 1: Pre-Retrofit 
Lamp Info).  
 
Post-Retrofit:
Project No. Type of Lamp Class Watt/Lamp4
Approximate 
Lumens/Lamp5 Controller Type
6 Operating Hours 
Per Day7 Number of Lamps
8
1 High Pressure Sodium HPS-200 200 19800 Photocell 12 100
2 High Pressure Sodium HPS-100 100 8000 Photocell 12 50
- - - - - - 0
- - - - - - 0
- - - - - - 0
- - - - - - 0
- - - - - - 0
- - - - - - 0
- - - - - - 0
- - - - - - 0  
Table 2: Post-Retrofit Lamp Information  
Table 23: Street Lights & Traffic Lights – New Design Mode Analysis Flowchart (Table 2: Post-Retrofit 
Lamp Info). 
 
Project  No. Lighting Energy Savings (kWh/yr)
Peak Day 
(Aug 19 
1999) 
Savings  
(kWh/day)
Avg OSD Savings 
(kWh/day)
1 91980.00 231.14 240.93
2 14563.50 41.96 43.74
Total 106543.50 273.10 284.67  
Table 3: Examples of Annual and Peak Energy Savings for Street Light Calculator. 
Table 24: Street Lights & Traffic Lights – New Design Mode Analysis Flowchart (Table 3: Examples of 
Annual and Peak Energy Savings for Street Light Calculations). 
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Fig 3: Examples of Peak outputs from Peak Day Extractor. 
Figure 37: Street Lights & Traffic Lights – New Design Mode Analysis Flowchart (Figure 3: Examples of 
Peak Energy Savings for Street Light Calculations). 
Peak Day: 
August 20th, 1999 
T = 92 F 
60.80kWh/day 
Peak Day: 
August 20th, 1999 
T = 92 F 
54.81kWh/day 
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2.3.2.4 Street Lights and Traffic Lights - Retrofit Input Screens  
 
The user input screens for street light and traffic light retrofit projects begin with a similar project input 
screen as seen in the other projects shown in Figure 38. When the user submits this type of project to the 
emissions calculator they are directed to the screen shown in Figure 39.  This screen asks for the beginning 
dates for the 12 months of pre-retrofit data and for the retrofit.  After entering this information, the user can 
then begin entering the pre-retrofit and post-retrofit data into the screen shown in Figure 40. When the user 
completes entering 12 months of both the pre-retrofit and post-retrofit data, they press the “done with both 
bills” button and the project is submitted for analysis. 
 
 
Figure 38: Street Lights and Traffic Lights Retrofit Project Data Entry Screen (Project Input). 
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Figure 39: Street Lights and Traffic Lights Retrofit Project Data Entry Screen (Project Pre and Post Dates).  
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Figure 40: Street Lights and Traffic Lights Retrofit Project Data Entry Screen (Pre and Post Utility Bill 
Input). 
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2.3.2.5 Street Lights and Traffic Lights- Retrofit Analysis Description 
 
When the user submits their street light or traffic light retrofit project for analysis, the emissions calculator 
performs a series of calculations, as indicated in Figure 41. For each analysis, the user is required to enter 
12 pre-retrofit utility bills and 12 post-retrofit utility bills as shown in Table 25. In cases where weather 
normalization is needed, ASHRAE’s Inverse Model Toolkit (Kissock et al. 2002) is used to develop linear 
models for both the pre-retrofit and post-retrofit period using daily average NOAA weather data from the 
nearest weather location (Figure 42). As shown in Figure 41, IMT then produces pre-retrofit and post-
retrofit coefficients (Table 27) that are used to determine the annual energy use in 1999 and the 1999 peak 
day energy use for the Ozone Episode Day (August 19, 1999), as shown in Table 28 and Figure 43. 
 
In the next step of the analysis and in a similar fashion to the analysis shown for the residential simulation 
(Figure 10), the emissions calculator calculates the NOx, SOx, and CO2 using the USEPA’s eGRID 
database. These results are then reported by the emissions calculator in a format that is similar to that 
shown in Table 10 for residential and then emailed to the user as HTML and XML files. 
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Figure 41: Street Lights & Traffic Lights – Retrofit Analysis Flowchart.  
Page 76 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
 
2000
Periods Year No. of Days Avg. DB Pre-Usage Make-up Bills
1 2000 31 55.09 12.88 399.39
2 2000 28 65.93 11.97 335.18
3 2000 29 65.38 12.02 348.50
4 2000 30 73.80 11.31 339.24
5 2000 33 78.48 10.91 360.16
6 2000 27 83.11 10.52 284.15
7 2000 31 86.16 10.27 318.29
8 2000 34 87.29 10.17 345.86
9 2000 28 72.32 11.43 320.12
10 2000 30 68.27 11.77 353.21
11 2000 31 51.71 13.17 408.21
12 2000 21 43.48 13.86 291.08
4103.40
Pre-Retrofit Make-Up Bills
 
Table 1: Pre-Retrofit Sample Monthly Electricity Bills. 
 
2001
Month Year No. of Days Avg. DB Pre-Usage Make-up Bills
1 2001 31 50.97 9.29 287.88
2 2001 27 57.11 8.73 235.72
3 2001 29 60.86 8.39 243.32
4 2001 30 70.57 7.51 225.32
5 2001 33 78.00 6.84 225.64
6 2001 27 82.52 6.43 173.56
7 2001 31 87.65 5.96 184.86
8 2001 34 82.18 6.46 219.60
9 2001 28 73.18 7.27 203.68
10 2001 30 66.90 7.84 235.30
11 2001 31 59.55 8.51 263.78
12 2001 21 50.38 9.34 196.14
2694.81
Post-Retrofit  Make-Up Bills
 
Table 2:Post-Retrofit Sample Monthly Electricity Bills. 
 
Table 25: Street Lights & Traffic Lights – Retrofit Analysis Flowchart (Table 1 & 2: Pre and Post-retrofit 
Utility Bills). 
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Line 1: Path and name of input data file =StreetUB1.dat 
Line 2: Value of no-data flag = -99 
Line 3: Column number of group field = 0 
Line 4: Value of valid group field = 0 
Line 5: Residual file needed (1 yes, 0 no) = 1 
Line 6: Model (1:Mean,2:2p,3:3pc,4:3ph,5:4p,6:5p,7:MVR,8:HDD,9:CDD) = 9 
Line 7: Column number of dependent variable Y = 4 
Line 8: Number of independent variables (0 to 6) = 1 
Line 9: Column number of independent variable X1 = 5 
Line 10: Column number of independent variable X2 = 0 
Line 11: Column number of independent variable X3 = 0 
Line 12: Column number of independent variable X4 = 0 
Line 13: Column number of independent variable X5 = 0 
Line 14: Column number of independent variable X6 = 0 
Table3: Example of IMT Input File. 
 
Table 26: Street Lights & Traffic Lights – Retrofit Analysis Flowchart (Table 3: Example IMT Input File). 
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******************************************** 
  ASHRAE INVERSE MODELING TOOLKIT (1.9) 
 
******************************************** 
    Output file name = IMT.Out               
 
******************************************** 
    Input data file name =  StreetUB1_R.RES  
    Model type =           2P                
    Grouping column No =    0 
    Value for grouping =    0 
    Residual mode =         0 
    # of X(Indep.) Var =    1 
    Y1 column number =      4 
    X1 column number =   5 
    X2 column number =   0 (unused) 
    X3 column number =   0 (unused) 
    X4 column number =   0 (unused) 
    X5 column number =   0 (unused) 
    X6 column number =   0 (unused) 
 
******************************************** 
    Regression Results 
   -------------------------------------- 
           N =     12 
   -------------------------------------- 
          R2 =     0.652 
   -------------------------------------- 
       AdjR2 =     0.652 
   -------------------------------------- 
        RMSE =      0.8958 
   -------------------------------------- 
     CV-RMSE =     7.661% 
   -------------------------------------- 
           p =     0.322 
   -------------------------------------- 
          DW =     1.325 (p>0) 
   -------------------------------------- 
           a =     17.5221 (      1.3725) 
   -------------------------------------- 
          X1 =     -0.0842 (      0.0195) 
   -------------------------------------- 
Table4: Example of I.M.T Coefficients 
  
Table 27: Street Lights & Traffic Lights – Retrofit Analysis Flowchart (Table 4: Example IMT 
Coefficients). 
 
Energy Savings Pre-Retrofit 
(kWh)
Post-Retrofit 
(kWh)
Annual Sum 11,479.48 11,081.39
OSD Peak 56.18 51.15
OSD Average 50.06 46.29  
Table5: Examples of Energy Saving Outputs from Peak Day Extractor 
 
Table 28: Street Lights & Traffic Lights – Retrofit Analysis Flowchart (Table 5: Example Output from 
Peak Day Extractor). 
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Figure 2a: Daily report of Dry Bulb Temperature for Austin, 1999 
 
 
Figure 2b: Daily report of average wind speed for Austin, 1999 
 
 
Figure 2c: Daily report of average precipitation for Austin, 1999 
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Figure 42: Street Lights & Traffic Lights – Retrofit Analysis Flowchart (Figure 2a-c: 1999 Daily Weather 
Data). 
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Fig 3: Examples of Peak outputs from Peak Day Extractor. 
 
Figure 43: Street Lights & Traffic Lights – Retrofit Analysis Flowchart (Figure 3: Example peak-day 
output from peak-day extractor). 
 
Peak Day: 
August 20th, 1999 
T = 92 F 
60.80kWh/day 
Peak Day: 
August 20th, 1999 
T = 92 F 
54.81kWh/day 
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2.3.3 Municipal Water and Waste Water Supply Input Screens 
 
The user input screens for municipal water and waste water retrofit projects begin with the same project 
input screen previously seen for the other projects as shown in Figure 44. When the user submits this type 
of project to the emissions calculator they are directed to the screen shown in Figure 45. This input screen 
asks for specific information about the beginning dates for the 12 months of pre-retrofit data and for the 
retrofit.  
 
After entering this information, the user can then begin entering the pre-retrofit and post-retrofit data into 
the screen shown in Figure 46. When the user completes entering 12 months of both the pre-retrofit and 
post-retrofit data, they press the “done with both bills” button and the project is submitted for analysis. 
 
 
Figure 44: Municipal Water and Waste Water Retrofit Data Entry Screens (Project Input). 
 
Page 82 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
 
Figure 45: Municipal Water and Waste Water Retrofit Data Entry Screens (Project Pre and Post Dates). 
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Figure 46: Municipal Water and Waste Water Retrofit Data Entry Screens (Pre and Post Utility Bill). 
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2.3.4 Municipal Water and Waste-water Analysis Description 
 
When the user submits their municipal water and waste-water project for analysis, the emissions calculator 
performs a series of calculations, as indicated in Figure 47. For each analysis, the user is required to enter 
12 pre-retrofit utility bills and 12 post-retrofit utility bills, as shown in Table 29. However, in difference to 
the previous analysis that used monthly utility billing data, the water and waste-water analysis requires that 
the user input monthly water used and electricity used by the pumps that supplied the water or handled the 
waste water.  
 
To perform the appropriate weather normalization, ASHRAE’s Inverse Model Toolkit (Kissock et al. 2002) 
is used in a two-step analysis. In the first step of the analysis, IMT is used to determine a statistical 
relationship between the pre-retrofit electricity used by the pumps and the water produced (i.e., municipal 
water supply system) or waste-water processed. This process is then repeated for the post-retrofit period.  
In the second step of the analsyis, IMT is used to develop change-point linear models for the pre-retrofit 
and post-retrofit periods using daily average NOAA weather data from the nearest weather location. As 
shown in Figure 47, IMT then produces pre-retrofit and post-retrofit coefficients (Table 20) that are used to 
determine the annual energy use in 1999 and the 1999 peak day energy use for the Ozone Episode Day 
(August 19, 1999), as shown in Figure 48. In the case of the water modeling, these savings are calculated 
for 1999 using the weather normalization for the post-retrofit period and the difference in the performance 
of the pumps (i.e., the coefficient for the kWh/Mgal) between the pre-retrofit and post-retrofit period. 
 
In the next step of the analysis and in a similar fashion to the analysis shown for the residential simulation 
(Figure 10), the emissions calculator calculates the NOx, SOx, and CO2 using the USEPA’s eGRID 
database. These results are then reported by the emissions calculator in a format that is similar to that 
shown in Table 10 for residential and emailed to the user as HTML and XML files. 
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Figure 47: Municipal Water and Waste-water Analysis Flowchart. 
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Month days
Water 
Consumption 
[gallon]
Electricity 
Consumption 
by pumping 
[kWh]
Jan-02 31 216,252,688 18,103
Feb-02 28 205,583,052 14,027
Mar-02 31 232,927,565 35,381
Apr-02 30 285,786,522 37,225
May-02 31 396,652,055 62,360
Jun-02 30 354,282,824 69,070
Jul-02 31 312,277,562 94,847
Aug-02 31 422,068,375 104,995
Sep-02 30 364,414,294 78,636
Oct-02 31 283,223,385 39,474
Nov-02 30 227,389,529 17,183
Dec-02 31 205,176,729 16,559  
Table 1: Pre-Retrofit Sample Monthly Electricity Bills for Water Use and Pumping Electric Load 
Month days
Water 
Consumption 
[gallon]
Electricity 
Consumption by 
pumping [kWh]
Jan-03 31 205,440,054 15,388      
Feb-03 28 195,303,900 11,923      
Mar-03 31 221,281,186 30,074      
Apr-03 30 271,497,196 31,641      
May-03 31 376,819,452 53,006      
Jun-03 30 336,568,683 58,710      
Jul-03 31 296,663,684 80,620      
Aug-03 31 400,964,956 89,246      
Sep-03 30 346,193,579 66,841      
Oct-03 31 269,062,216 33,553      
Nov-03 30 216,020,052 14,606      
Dec-03 31 194,917,892 14,075       
Table 2:Post-Retrofit Sample Monthly Electricity Bills for Water Use and Pumping Electric Load 
  
Table 29: Municipal Water and Waste-water Analysis Flowchart (Table 1: Pre-Retrofit Water and 
Electricity Bills and Table 2: Post-Retrofit Water and Electricity Bills). 
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Path and name of input data file = dataWWW.prn
Value of no-data flag = -99
Column number of group field = 4
Value of valid group field = 1
Residual file needed (1 yes, 0 no) = 1
Model type (1:Mean,2:2p,3:3pc,4:3ph,5:4p,6:5p,7:MVR,8:HDD,9:CDD) = 5
Column number of dependent Y variable = 3
Number of independent X variables (0 to 6)  = 1
Column number of independent variable X1 = 2
Column number of independent variable X2 = 0
Column number of independent variable X3 = 0
Column number of independent variable X4 = 0
Column number of independent variable X5 = 0
Column number of independent variable X6 = 0  
Table3: Example of I.M.T Input File 
  
Table 30: Municipal Water and Waste-water Analysis Flowchart (Table 3: Example IMT Input File). 
******************************************** 
  ASHRAE INVERSE MODELING TOOLKIT (1.9) 
 
******************************************** 
    Output file name = IMT.Out 
 
******************************************** 
    Input data file name = DAILY2.dat 
    Model type =          3P Cooling         
    Grouping column No =    5 
    Value for grouping =    1 
    Residual mode =         1 
    # of X(Indep.) Var =    1 
    Y1 column number =      6 
    X1 column number =   9 
    X2 column number =   0 (unused) 
    X3 column number =   0 (unused) 
    X4 column number =   0 (unused) 
    X5 column number =   0 (unused) 
    X6 column number =   0 (unused) 
 
******************************************** 
    Regression Results  
           N =     12  
          R2 =     0.835 
       AdjR2 =     0.835 
        RMSE =      1.0560 
     CV-RMSE =    11.006% 
           p =    -0.346 
          DW =     2.682 (p>0) 
          N1 =      3  
          N2 =      9  
   -------------------------------------- 
         Ycp =      6.9610 (      0.4799) 
          LS =      0.0000 (      0.0000) 
          RS =      0.1864 (      0.0262) 
         Xcp =     55.0408 (      0.6926) 
   --------------------------------------  
Table4: Example of I.M.T Coefficients 
  
Table 31: Municipal Water and Waste-water Analysis Flowchart (Table 4: Example IMT Coefficients). 
75,521   kWh Annual Energy Savings 
kWh OSDsum
199      kWh OSDavg
189.22   kWh OSDpkChosen
kWh OSDpkActual
Savings
 
Table5: Examples of Energy Saving Outputs  from Peak Day Extractor 
  
Table 32: Municipal Water and Waste-water Analysis Flowchart (Table 4: Example Energy Savings from 
Peak Day Extractor). 
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Fig 3: Examples of Peak outputs  from Peak Day Extractor 
 
Peak Day: 
August 20th, 1999 
T = 92 F 
60.80kWh/day 
Peak Day:
August 20th, 1999 
T = 92 F 
54.81kWh/day 
 
 
 
 
 
Figure 48: Municipal Water and Waste-water Analysis Flowchart (Figure 3: Examples of Peak Outputs 
from Peak Day Extractor). 
2.3.5 Renewables  
 
The emissions calculator contains several renewable energy systems, including solar thermal, solar 
photovoltaic, and wind energy systems. The solar thermal and solar photovoltaic analyses use the F-
CHART software, which was developed by the University of Wisconsin for the U.S. Department of Energy 
Klein and Beckman (1983). The wind energy analysis uses a two-step monthly analysis procedure similar 
to that used in the water and waste-water analysis. 
2.3.5.1 Solar PV Input Screens  
 
The user input screens for solar photovoltaic projects begin with the project input screen shown in Figure 
49. In this input screen the user is asked for their project name, their email address, and what type of PV 
system this is (e.g., high efficiency, or average efficiency). When the user submits this type of project to the 
emissions calculator, they are directed to the next screen for photovoltaic projects shown in Figure 50. This 
input screen asks for specific information about the array of solar photovoltaic collectors, including the area 
of the array, the slope of the array as measured from the horizontal, and whether or not the collector array is 
facing south (i.e., array azimuth).  When the user completes the screen shown in Figure 50, the project is 
submitted for analysis. 
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Figure 49: Solar PV Input Screens (Project Info). 
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Figure 50: Solar PV Input Screens (Project detail). 
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2.3.5.2 Solar PV Analysis Description 
 
When the user submits their solar photovoltaic project for analysis, the emissions calculator takes the 
information provided by the user and tables of additional information20 (Table 33 and Table 34), and calls 
the PV F-CHART program. The PV F-CHART program then calculates the monthly electricity produced 
by the system specified by the user at the latitude associated with the county selected using PV F-CHART’s 
weather data from the nearest location (Table 35). In the next step, the emissions calculator takes the 12 
months of predicted electricity production from the solar collector array and creates a weather-normalized 
electricity production that can then be applied to the 1999 weather data. This is accomplished with the 
ASHRAE IMT (Table 36 and Table 37). Figure 52, Figure 53, and Figure 54 show examples of the 12 
month renewable energy production and peak-day performance. 
 
In the next step of the analysis and in a similar fashion to the analysis shown for the residential simulation 
(Figure 10), the emissions calculator calculates the NOx, SOx, and CO2 using the USEPA’s eGRID 
database. These results are then reported by the emissions calculator in a format that is similar to that 
shown in Table 10 for residential and emailed to the user as HTML and XML files. 
 
                                                 
20 Data in the emissions calculator is from the following photovoltaic manufacturers: Low efficiency, Model: Solarex SX-10, 
Southwest Photovoltaic Systems, Inc., 212 E. Main, Tomball, TX 77373. High efficiency, Model: Shell SP75, Shell Solar, 4650 
Adohr Lane, Camarilo, CA, 93012.  
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Figure 51: Solar Photovoltaic Analysis Flowchart 
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                        ** Stand Alone System ** 
 
1  City number for AUSTIN          TX................  18 
2  Output: 1 for summary, 2 for detailed (Neg: graph)  1 
3  Cell temperature at NOCT conditions...............  113   F 
4  Array reference efficiency........................  .1184 
5  Array reference temperature.......................  77    F 
6  Max. power eff. temperature coeff. (times 1000)...  2.5   1/F 
7  Eff. of maximum power point tracking electronics..  .9 
8  Efficiency of power conditioning electronics......  .88 
9  Percent standard deviation of the load............  0     % 
10 Array area........................................  60    ft^2 
11 Array slope.......................................  50    deg 
12 Array azimuth (south=0)...........................  0     deg 
 
                        *** Economics *** 
1 Econonomic analysis detail (0 to 4)...............  0  
Table 1:Photovoltaic systems specifications 
  
Table 33: Solar Photovoltaic Analysis Flowchart (Table 1: Photovoltaic system specs.). 
    AUSTIN          TX             LAT= 30
SOLAR TEMP T SKY MAINS REFLEC HUMID
BTU/FT2 F F F LB/LB
JAN 945 48.2 22.0 66.4 0.2 0.0057
FEB 1199 52.3 24.9 66.6 0.2 0.0057
MAR 1498 60.6 40.6 67.0 0.2 0.0094
APR 1717 68.5 53.6 67.4 0.2 0.0124
MAY 1869 74.3 60.6 67.7 0.2 0.0132
JUN 2092 80.2 68.2 68.0 0.2 0.0159
JUL 2152 83.3 71.3 68.1 0.2 0.0167
AUG 2005 83.5 70.6 68.2 0.2 0.0159
SEP 1663 78.1 65.6 67.9 0.2 0.0151
OCT 1383 69.3 51.6 67.4 0.2 0.0117
NOV 1049 59.4 37.3 67.0 0.2 0.0082
DEC 883 51.1 25.0 66.5 0.2 0.0057
 
Table 2: PVFchart weather data 
  
Table 34: Solar Photovoltaic Analysis Flowchart (Table 2: PV F-Chart weather data). 
 
Summary 
 
        Solar    Load     F     Buy      XS 
         kWh     kWh      %     kWh     kWh 
Jan     722.1     0.0   100.0   0.0    64.0 
Feb     717.8     0.0   100.0   0.0    62.6 
Mar     850.8     0.0   100.0   0.0    71.6 
Apr     804.3     0.0   100.0   0.0    65.9 
May     789.5     0.0   100.0   0.0    63.4 
Jun     801.7     0.0   100.0   0.0    62.9 
Jul     872.1     0.0   100.0   0.0    67.9 
Aug     915.6     0.0   100.0   0.0    71.7 
Sep     866.0     0.0   100.0   0.0    69.3 
Oct     903.5     0.0   100.0   0.0    74.5 
Nov     756.5     0.0   100.0   0.0    65.0 
Dec     702.0     0.0   100.0   0.0    61.9 
Yr     9701.9     0.0   100.0   0.0   800.8 
 
Table 3:PVFchart output data 
  
 
Table 35: Solar Photovoltaic Analysis Flowchart (Table 3: PV F-Chart output data). 
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Path and name of input data file = dflt_fchart.prn 
Value of no-data flag = -99 
Column number of group field = 0 
Value of valid group field = 1 
Residual file needed (1 yes, 0 no) = 1 
Model type (1:Mean,2:2p,3:3pc,4:3ph,5:4p,6:5p,7:MVR,8:HDD,9:CDD) = 4 
Column number of dependent Y variable = 7 
Number of independent X variables (0 to 6)  = 1 
Column number of independent variable X1 = 1 
Column number of independent variable X2 = 0 
Column number of independent variable X3 = 0 
Column number of independent variable X4 = 0 
Column number of independent variable X5 = 0 
Column number of independent variable X6 = 0 
 
 
Table 4:Input into Inverse Modeling Toolkit 
  
Table 36: Solar Photovoltaic Analysis Flowchart (Table 4: Input into Inverse Modeling Toolkit). 
 
******************************************** 
  ASHRAE INVERSE MODELING TOOLKIT (1.9) 
 ******************************************** 
    Output file name = IMT.Out                                          
 ******************************************** 
    Input data file name =  dflt_fchart.prn                                 
    Model type =           3P Heating               
    Grouping column No =    0 
    Value for grouping =    1 
    Residual mode =         1 
    # of X(Indep.) Var =    1 
    Y1 column number =      6 
    X1 column number =   1 
    X2 column number =   0 (unused) 
    X3 column number =   0 (unused) 
    X4 column number =   0 (unused) 
    X5 column number =   0 (unused) 
    X6 column number =   0 (unused) 
 ******************************************** 
    Regression Results 
   -------------------------------------- 
           N =     12 
   -------------------------------------- 
          R2 =     0.251 
   -------------------------------------- 
       AdjR2 =     0.251 
   -------------------------------------- 
        RMSE =      0.1143 
   -------------------------------------- 
     CV-RMSE =     5.208% 
   -------------------------------------- 
           p =     0.436 
   -------------------------------------- 
          DW =     1.015 (p>0) 
   -------------------------------------- 
          N1 =      3 
   -------------------------------------- 
          N2 =      9 
   -------------------------------------- 
         Ycp =      2.2254 (      0.0371) 
   -------------------------------------- 
          LS =      0.0311 (      0.0170) 
   -------------------------------------- 
          RS =      0.0000 (      0.0000) 
   -------------------------------------- 
         Xcp =     54.5540 (      0.7060) 
   -------------------------------------- 
   --------------------------------- 
Table 5:Inverse Modeling Toolkit output 
  
Table 37: Solar Photovoltaic Analysis Flowchart (Table 5: IMT Output). 
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Figure 2: Renewable Energy Production 
 
Photovoltaic System Performance for Austin, TX, 
Ac=60ft2 :  Slope 50°
0.0
0.5
1.0
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Figure 52: Solar Photovoltaic Analysis Flowchart (Figure 2: Renewable Energy Production). 
Photovoltaic System Performance for Austin, TX
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Figure 3: Output from Inverse Modeling Toolkit 
  
Figure 53: Solar Photovoltaic Analysis Flowchart (Figure 3: Output from IMT). 
 
Photovoltaic System Performance for Austin, TX 
Ac=60ft2  :  Slope 50°
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Figure 4: Annual and Peak Day Energy Savings 
  
Figure 54: Solar Photovoltaic Analysis Flowchart (Figure 4: Annual and Peak Day Energy Savings). 
Page 96 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
 
2.3.5.3 Solar Thermal  
 
The emissions calculator offers renewable analysis for two types of solar thermal systems: a system for 
heating domestic hot water (DHW), and a system for heating swimming pools. Both systems are analyzed 
with the F-CHART software.  
2.3.5.3.1 Solar Thermal - Pool Heating System Input Screens  
 
The user input screens for solar thermal pool heating projects begin with the project input screen shown in 
Figure 55. In this input screen, the user is asked for their project name, their email address, and what type 
of solar system this is (i.e., DHW or pool heating). When the user submits the project information to the 
emissions calculator, they are directed to the next screen for solar thermal projects shown in Figure 56. This 
input screen asks for specific information about the array of solar thermal collectors, including the area of 
the array, the slope of the array as measured from the horizontal, and whether or not the collector array is 
facing south (i.e., array azimuth).  When the user completes the screen shown in Figure 56, they have the 
option of revising additional default information about pools, as shown in Figure 57, which includes 
information about the surface area of the pool, depth of the pool, pool temperature, type of cover (if any), 
hours per day the pool is covered, location of the pool, and the percent of the pool that is shaded. When the 
user completes the data entry requested Figure 57 and submits the project for calculation, the emissions 
calculator then calculates the thermal energy produced by the solar thermal pool heating system and emails 
the output to the address the user entered in the project information screen. 
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Figure 55: Solar Thermal - Pool Heating System Input Screens (Project Info). 
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Figure 56: Solar Thermal - Pool Heating System Input Screens (Solar Collector Input). 
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Figure 57: Solar Thermal - Pool Heating System Input Screens (Pool System Info). 
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2.3.5.3.2 Solar Thermal - DHW Heating System Input Screens  
 
The user input screens for solar thermal domestic water heating (DHW) projects begin with the project 
input screen shown in Figure 58. In this input screen, the user is asked for their project name, their email 
address, and what type of solar system this is (i.e., DHW or pool heating). When the user submits the 
project information to the emissions calculator, they are directed to the next screen for solar thermal 
projects shown in Figure 59. This input screen asks for specific information about the array of solar thermal 
collectors, including the area of the array, the slope of the array as measured from the horizontal, and 
whether or not the collector array is facing south (i.e., array azimuth).  When the user completes the screen 
shown in Figure 59, they have the option of revising additional default information about the DHW system, 
as shown in Figure 60, which includes information about the daily hot water usage and DHW storage tank 
size. When the user completes the data entry requested Figure 60 and submits the project for calculation, 
the emissions calculator then calculates the thermal energy produced by the solar thermal DHW system and 
emails the output to the address the user entered in the project information screen. 
 
 
 
Figure 58: Solar Thermal - DHW Heating System Input Screens (Project Info). 
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Figure 59: Solar Thermal - DHW Heating System Input Screens (Solar Collector Info). 
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Figure 60: Solar Thermal - DHW Heating System Input Screens (Domestic Water Heating Info). 
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2.3.5.3.3 Solar Thermal Analysis Description (DHW and Pool) 
 
When the user submits their solar thermal project for analysis, the emissions calculator takes the 
information provided by the user and tables of additional information21 (Table 38 and Table 39), and calls 
the F-CHART program. The F-CHART program then calculates the monthly thermal energy produced by 
the system specified by the user at the latitude associated with the county selected using F-CHART’s 
weather data from the nearest location (Table 39). In the next step, the emissions calculator takes the 12 
months of predicted thermal energy production from the solar collector array (Table 40) and creates a 
weather-normalized thermal energy production that can then be applied to the 1999 weather data. This is 
accomplished with the ASHRAE IMT (Table 41 and Table 42). Figure 62, Figure 63, and Figure 64 show 
examples of the 12 month renewable energy production and peak-day performance. 
 
In the next step of the analysis, in a similar fashion to the analysis shown for the residential simulation 
(Figure 10), the emissions calculator calculates the NOx, SOx, and CO2 using the USEPA’s eGRID 
database. These results are then reported by the emissions calculator in a format that is similar to that 
shown in Table 10 for residential and emailed to the user as HTML and XML files. 
                                                 
21 Data in the emissions calculator is from the following solar collector manufacturers: Pool System: Model: SI 1500 Solar Pool 
Heating Collector, Solar Systems Installations, P.O. Box 736, Coppell, TX 75019-0736. Domestic Hot Water System: Model: SI 
1500 Solar Pool Heating Collector, Alternate Energy Technologies, LLC, 1057 N. Ellis Road Unit 4, Jacksonville, FL 32254. 
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Figure 61: Solar Thermal Analysis Flowchart. 
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          *** POOL HEATING SYSTEM *** 
1  City call number..............  14 
2  Pool surface area.............  540   FT2 
3  Pool temperature..............  80    F 
4  First month of use (1-12).....  1 
5  Last month of use (1-12)......  12 
6  Cover (0=None,1=Film,2=Bubble)  2 
7  Hours per day covered.........  12    HR/DAY 
8  Average pool depth............  5     FT 
9  Location (1=Indoor, 2=Outdoor)  1 
10 % of time shaded.....(Outdoor)  0     % 
11 Avgerage windspeed...(Outdoor)  5     
MILES/HR 
12 Pool room rel humidity(Indoor)  50    % 
13 Pool room temperature (Indoor)  75    F 
14 Fuel (1=EL,2=NG,3=OIL,4=OTHER)  2 
15 Efficiency of fuel usage......  70    % 
16 Pipe heat loss (1=Y,2=N)......  2 
17   Inlet pipe UA...............  5     BTU/HR-F 
18   Outlet pipe UA..............  5     BTU/HR-F 
 
          ** FLAT PLATE COLLECTOR ** 
1  Number of collector panels....  60 
2  Collector panel area..........  1     FT2 
3  FR*UL (test slope)............  2.9   BTU/HR-FT2-F 
4  FR*TAU*ALPHA (test intercept).  .84 
5  Collector slope...............  45    DEG 
6  Collector azimuth (South=0)...  0     DEG 
7  Inicdence angle mod TYPE(8-10)  8 
8    Number of glazings..........  0 
9    Inc angle modifier constant.  0 
10   Inc angle modifier value(s). 
  1  .999  .998  .995  .981  .953  .882 
  .7  .35  0 
11 Collector flowrate/area.......  11    LB/HR-FT2 
12 Collector fluid specific heat.  1     BTU/LB-F 
13 Modify test values (1=Y,2=N)..  2 
14   Test collector flowrate/area  11    LB/HR-FT2 
15   Test fluid specific heat....  1     BTU/LB-F 
 
Table 1: Solar Collector Specifications 
 
*** WATER STORAGE SYSTEM *** 
1  City call number..............  14 
2  Water storage volume..........  1000  GALLONS 
3  Building UA (0 for DHW only)..  0     BTU/HR-F 
4  Fuel (1=EL,2=NG,3=OIL,4=OTHER)  1 
5  Efficiency of fuel usage......  100   % 
6  Domestic hot water (1=Y,2=N)..  1 
7    Daily hot water usage.......  60    GALLONS 
8    Water set temperature.......  140   F 
9    Environment temperature.....  68    F 
10   DHW storage tank size.......  80    GALLONS 
11   UA of aux storage tank......  7.6   BTU/HR-F 
12 Pipe heat loss (1=Y,2=N)......  2 
13   Inlet pipe UA...............  5     BTU/HR-F 
14   Outlet pipe UA..............  5     BTU/HR-F 
15 Relative load HX size.........  1 
16 Collector-storage HX (1=Y,2=N)  2 
17   Tank side flowrate/area.....  11    LB/HR-FT2 
18   Heat exchanger effectiveness  .5 
 
           ** FLAT PLATE COLLECTOR ** 
1  Number of collector panels....  60 
2  Collector panel area..........  1     FT2 
3  FR*UL (test slope)............  1.07  BTU/HR-FT2-F 
4  FR*TAU*ALPHA (test intercept).  .78 
5  Collector slope...............  45    DEG 
6  Collector azimuth (South=0)...  0     DEG 
7  Inicdence angle mod TYPE(8-10)  8 
8    Number of glazings..........  1 
9    Inc angle modifier constant.  0 
10   Inc angle modifier value(s). 
  1  .999  .998  .995  .981  .953  .882 
  .7  .35  0 
11 Collector flowrate/area.......  11    LB/HR-FT2 
12 Collector fluid specific heat.  1     BTU/LB-F 
13 Modify test values (1=Y,2=N)..  2 
14   Test collector flowrate/area  11    LB/HR-FT2 
15   Test fluid specific heat....  1     BTU/LB-F 
Table 38: Solar Thermal Analysis Flowchart (Table 1: Solar collector specs.). 
 
Page 106 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
    AUSTIN          TX             LAT= 30
SOLAR TEMP T SKY MAINS REFLEC HUMID
BTU/FT2 F F F LB/LB
JAN 945 48.2 22.0 66.4 0.2 0.0057
FEB 1199 52.3 24.9 66.6 0.2 0.0057
MAR 1498 60.6 40.6 67.0 0.2 0.0094
APR 1717 68.5 53.6 67.4 0.2 0.0124
MAY 1869 74.3 60.6 67.7 0.2 0.0132
JUN 2092 80.2 68.2 68.0 0.2 0.0159
JUL 2152 83.3 71.3 68.1 0.2 0.0167
AUG 2005 83.5 70.6 68.2 0.2 0.0159
SEP 1663 78.1 65.6 67.9 0.2 0.0151
OCT 1383 69.3 51.6 67.4 0.2 0.0117
NOV 1049 59.4 37.3 67.0 0.2 0.0082
DEC 883 51.1 25.0 66.5 0.2 0.0057
 
Table 2: Fchart weather data 
  
Table 39: Solar Thermal Analysis Flowchart (Table 2: F-Chart weather data). 
 
 
      *** POOL HEATING SYSTEM ***
       ** FLAT PLATE COLLECTOR **
QCOLL QPOOL LOAD AUX F Renewabl
MMBTU MMBTU MMBTU MMBTU kBtu/day
48.2 31 JAN 0.8 12.4 35.0 34.1 0.02 29.032
52.3 28 FEB 1.0 14.2 26.9 25.9 0.04 35.714
60.6 31 MAR 1.5 19.6 14.4 12.9 0.10 48.387
68.5 30 APR 1.7 21.8 1.8 0.0 0.99 60.000
74.3 31 MAY 2.0 24.5 0.0 0.0 1.00 0.000
80.2 30 JUN 2.4 26.5 0.0 0.0 1.00 0.000
83.3 31 JUL 2.7 28.2 0.0 0.0 1.00 0.000
83.5 31 AUG 2.7 26.3 0.0 0.0 1.00 0.000
78.1 30 SEP 2.4 21.1 0.0 0.0 1.00 0.000
69.3 31 OCT 2.0 18.1 7.4 5.3 0.28 67.742
59.4 30 NOV 1.3 13.3 22.3 21.0 0.06 43.333
51.1 31 DEC 0.9 11.6 34.2 33.3 0.03 29.032
YR 21.5 237.6 141.8 132.5 0.07  
 
Table 3: Fchart output data 
  
Table 40: Solar Thermal Analysis Flowchart (Table 3: F-Chart output data). 
 
 
Path and name of input data file = dflt_fchart.prn 
Value of no-data flag = -99 
Column number of group field = 0 
Value of valid group field = 1 
Residual file needed (1 yes, 0 no) = 1 
Model type (1:Mean,2:2p,3:3pc,4:3ph,5:4p,6:5p,7:MVR,8:HDD,9:CDD) = 4 
Column number of dependent Y variable = 7 
Number of independent X variables (0 to 6)  = 1 
Column number of independent variable X1 = 1 
Column number of independent variable X2 = 0 
Column number of independent variable X3 = 0 
Column number of independent variable X4 = 0 
Column number of independent variable X5 = 0 
Column number of independent variable X6 = 0 
 
 
Table 4: Input into Inverse Modeling Toolkit 
  
Table 41: Solar Thermal Analysis Flowchart (Table 4: Input into IMT). 
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SWIMMING POOL SOLAR SYSTEM 
 
  ASHRAE INVERSE MODELING TOOLKIT (1.9) 
 ******************************************** 
    Output file name = IMT.Out                                          
 ******************************************** 
    Input data file name =  dflt_fchart.prn                                 
    Model type =           4P                       
    Grouping column No =    0 
    Value for grouping =    1 
    Residual mode =         1 
    # of X(Indep.) Var =    1 
    Y1 column number =      2 
    X1 column number =   1 
    X2 column number =   0 (unused) 
    X3 column number =   0 (unused) 
    X4 column number =   0 (unused) 
    X5 column number =   0 (unused) 
    X6 column number =   0 (unused) 
 ******************************************** 
    Regression Results 
   -------------------------------------- 
           N =     12 
   -------------------------------------- 
          R2 =     0.987 
   -------------------------------------- 
       AdjR2 =     0.987 
   -------------------------------------- 
        RMSE =      2.8479 
   -------------------------------------- 
     CV-RMSE =     4.844% 
   -------------------------------------- 
           p =     0.084 
   -------------------------------------- 
          DW =     1.762 (p>0) 
   -------------------------------------- 
          N1 =      8 
   -------------------------------------- 
          N2 =      4 
   -------------------------------------- 
         Ycp =     68.6995 (     10.3949) 
   -------------------------------------- 
          LS =      1.6155 (      0.1069) 
   -------------------------------------- 
          RS =      2.1659 (      0.3879) 
   -------------------------------------- 
         Xcp =     74.3220 (      0.7060) 
   -------------------------------------- 
   --------------------------------- 
Table 5: Inverse Modeling toolkit output 
  
Table 42: Solar Thermal Analysis Flowchart (Table 5: IMT output). 
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Figure 2: Renewable Energy Production 
  
Figure 62: Solar Thermal Analysis Flowchart (Figure 2: Renewable Energy Production). 
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Figure 3: Output from Inverse Modeling Toolkit 
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Figure 63: Solar Thermal Analysis Flowchart (Figure 3: Output from IMT). 
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Figure 4: Annual and Peak Day Energy Savings 
  
Figure 64: Solar Thermal Analysis Flowchart (Figure 4: Annual and Peak Day Energy Savings). 
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2.3.5.4 Wind Energy Input Screens 
 
The user input screens for wind energy projects begin with the project input screen, as shown in Figure 65. 
When the user submits this type of project to the emissions calculator, they are directed to next screen 
shown in Figure 66. This input screen asks for specific information about the date when the wind energy 
system became operational.  When the user completes the screen shown in Figure 66, they are redirected to 
the screen shown in Figure 67 where they are asked for 12 months of data from the project. When the user 
completes entering 12 months of data, they press the “done entering data” button and the project is 
submitted for analysis. 
 
 
Figure 65: Wind Energy Systems Input Screens (Project Info). 
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Figure 66: Wind Energy Systems Input Screens (Project Start Date Info). 
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Figure 67: Wind Energy Systems Input Screens (Monthly Data Info). 
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2.3.5.5 Wind Energy Analysis Description 
 
When the user submits their wind energy project for analysis, the emissions calculator performs a series of 
calculations, as indicated in Figure 68. For each analysis, the user is required to enter 12 months of wind 
energy production data, as shown in Table 43. To perform the appropriate weather normalization, 
ASHRAE’s Inverse Model Toolkit (Kissock et al. 2002) is used to determine a statistical relationship 
between the wind-energy production and the local wind conditions during the coincident period using daily 
average NOAA weather data from the nearest weather location. As shown in Figure 69 and Figure 70, IMT 
produces coefficients (Table 44 and Table 45) that represent the electrical output of the wind turbine vs the 
average daily wind speed. These are then used to determine the annual wind production in 1999 and the 
1999 peak day wind production for the Ozone Episode Day (August 19, 1999), as shown in Table 46.  
 
In the next step of the analysis and in a similar fashion to the analysis shown for the residential simulation 
(Figure 10), the emissions calculator calculates the NOx, SOx, and CO2 using the USEPA’s eGRID 
database. These results are then reported by the emissions calculator in a format that is similar to that 
shown in Table 10 for residential and is emailed to the user as HTML and XML files. 
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Figure 68: Wind Energy Analysis Flowchart. 
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12917_WT 
        
Start Date End Date Days Energy Usage 
Usage Per 
Period 
10/1/2001 11/1/2001 31 0.00 0.00 
11/1/2001 12/1/2001 30 0.00 0.00 
12/1/2001 1/1/2002 31 125.33 4.04 
1/1/2002 2/1/2002 31 1725.05 55.65 
2/1/2002 3/1/2002 28 1193.08 42.61 
3/1/2002 4/1/2002 31 5564.37 179.50 
4/1/2002 5/1/2002 30 968.68 32.29 
5/1/2002 6/1/2002 31 2516.49 81.18 
6/1/2002 7/1/2002 30 0.00 0.00 
7/1/2002 8/1/2002 31 0.00 0.00 
8/1/2002 9/1/2002 31 0.00 0.00 
9/1/2002 9/30/2002 29 605.58 20.88  
Table 1: Post-Construction Data User Input 
  
Table 43: Wind Energy Analysis Flowchart (Table 1: Post-Construction Data Input). 
 
Line 1: Path and name of input data file = VBDD_WT_R.RES 
Line 2: Value of no-data flag = -99 
Line 3: Column number of group field = 0 
Line 4: Value of valid group field = 0 
Line 5: Residual file needed (1 yes, 0 no) = 0 
Line 6: Model (1:Mean,2:2p,3:3pc,4:3ph,5:4p,6:5p,7:MVR,8:HDD,9:CDD) = 
3 
Line 7: Column number of dependent variable Y = 4 
Line 8: Number of independent variables (0 to 6)  = 1 
Line 9: Column number of independent variable X1 = 5 
Line 10: Column number of independent variable X2 = 0 
Line 11: Column number of independent variable X3 = 0 
Line 12: Column number of independent variable X4 = 0 
Line 13: Column number of independent variable X5 = 0 
Line 14: Column number of independent variable X6 = 0 
 
 
Table2: Example of I.M.T Instruction File 
  
Table 44: Wind Energy Analysis Flowchart (Table 2: Example of IMT Instruction File). 
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******************************************** 
  ASHRAE INVERSE MODELING TOOLKIT (1.9) 
 ******************************************** 
    Output file name = IMT.Out                                       
 ******************************************** 
    Input data file name =  VBDD_WT_R.RES                            
    Model type =           3P Cooling               
    Grouping column No =    0 
    Value for grouping =    0 
    Residual mode =         0 
    # of X(Indep.) Var =    1 
    Y1 column number =      4 
    X1 column number =   5 
    X2 column number =   0 (unused) 
    X3 column number =   0 (unused) 
    X4 column number =   0 (unused) 
    X5 column number =   0 (unused) 
    X6 column number =   0 (unused) 
 ******************************************** 
    Regression Results 
   -------------------------------------- 
           N =     12 
   -------------------------------------- 
          R2 =     0.772 
   -------------------------------------- 
       AdjR2 =     0.772 
   -------------------------------------- 
        RMSE =     39.2409 
   -------------------------------------- 
     CV-RMSE =    16.486% 
   -------------------------------------- 
           p =    -0.204 
   -------------------------------------- 
          DW =     2.336 (p>0) 
   -------------------------------------- 
          N1 =      4 
   -------------------------------------- 
          N2 =      8 
   -------------------------------------- 
         Ycp =    167.7031 (     16.5544) 
   -------------------------------------- 
          LS =      0.0000 (      0.0000) 
   -------------------------------------- 
          RS =     74.4971 (     12.7884) 
   -------------------------------------- 
         Xcp =     11.1728 (      0.0708) 
   -------------------------------------- 
   --------------------------------- 
          RS =      2.1659 (      0.3879) 
   -------------------------------------- 
         Xcp =     74.3220 (      0.7060) 
   -------------------------------------- 
   --------------------------------- 
Table3: Example of I.M.T Coefficients 
  
Table 45: Wind Energy Analysis Flowchart (Table 3: Example of IMT Coefficients). 
12917 Results 
2P 3PC 
Annual Sum 0 22284.22 
OSD Sum 0 166.29 
OSD Avg 0 4.89 
OSD Peak 0 0.00 
OSD Act. 
Peak 0 86.20  
Table4: Examples of Energy Saving Outputs  from Annual and Peak Day Extractor 
  
Table 46: Wind Energy Analysis Flowchart (Table 4: Example of Energy Savings Output for Annual and 
Peak Day). 
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Figure 2a: Daily Report of Wind, 1999 
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Figure 2b: Daily Report of Wind, 2001-2002 
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Figure 69: Wind Energy Analysis Flowchart (Figure 2a: 1999 Daily Wind Data, Figure 2b: 2001-2002 
Wind Data). 
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Turbine Power vs Wind Speed (12917)
0.00
100.00
200.00
300.00
400.00
500.00
600.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00
Average Daily Wind Speed (MPH)
Tu
rb
in
e 
Po
w
er
 (k
W
h/
da
y)
3PC-Normalize to 1999
Oct 01 - Sep 02
 
Figure 3: Chart showing Turbine power corresponding to Average Wind Speed 
 
Peak Day: 19th Aug
Corresponding Wind Speed: 0 MPH 
Corresponding Turbine Power: 0 KWh/day 
 
Figure 70: Wind Energy Analysis Flowchart (Figure 3: Plot of Wind Turbine Power vs Average Daily 
Wind Speed). 
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2.4 Literature Review and Uncertainty Analysis. 
 
One of the requirements for the development of the emissions calculator was the need to document the 
analysis methods, including the history and peer-review of the analysis methods and the uncertainty of an 
analysis performed with the methods contained in the emissions calculator. To satisfy this requirement, a 
literature review and uncertainty analysis were performed on the F-Chart program, the PV F-Chart 
program, ASHRAE’s Inverse Model Toolkit (IMT), Cool Roofs, and the U.S.D.O.E’s DOE-2 program.  
2.4.1 F-Chart Program 
 
A review of the literature was conducted for the F-Chart program (Klein and Beckman 1983) that is used 
by the emissions calculator to calculate emissions reductions from solar thermal systems (Haberl and Cho 
2004a).  This review determined an uncertainty of F-Chart analysis methods by reviewing the published 
related accuracy of TRNSYS simulations versus measured data, F-Chart predictions versus measured data, 
F-Chart predictions versus TRNSYS simulations and F-Chart predictions versus other methods. This report 
begins with a review of the history of the F-Chart method and includes an example F-Chart calculation. In 
summary, from the literature it was found that hourly TRNSYS simulations versus measured data were 
shown to be within 5 to 6%, F-Chart predictions versus measured data showed agreement in the 2 to 15% 
range, and F-Chart predictions versus TRNSYS simulations were shown to vary from 1.1% to 4.7%. A 
significant number of studies used F-Chart to assess the accuracy of newly developed methods. In these 
studies, agreement varied from 2.5% to 9%. 
2.4.2 PV F-Chart Program 
 
A review of the literature was conducted for the PV F-Chart program (Klein and Beckman 1985) that is 
used by the emissions calculator to calculate emissions reductions from solar photovoltaic systems (Haberl 
and Cho 2004b). This report reviewed the reported uncertainty of the PV F-Chart analysis method by 
reviewing the published related accuracy of PV F-Chart analysis versus measured data, PV F-Chart 
predictions versus other methods, and PV F-Chart predictions versus TRNSYS simulations. This report 
contains a review of the history of the PV F-Chart method and includes an example PV F-Chart calculation. 
In summary, from the literature it was found that hourly PV F-Chart analysis versus measured data were 
shown to be within 4% of on-site measurement, PV F-Chart predictions versus TRNSYS simulations and 
another graphical method were also within 4% of annual values. 
2.4.3 ASHRAE Inverse Model Toolkit 
 
A review of the literature was conducted for ASHRAE’s Inverse Model Toolkit (IMT) (Kissock et al. 
2002) that is used by the emissions calculator to weather normalize monthly utility billing data, F-CHART 
and PV F-Chart analysis (Haberl and Cho 2004c). The report reviewed the published literature on the 
related accuracy of IMT and its algorithms versus other well-accepted statistical analysis tools, such as 
SAS. The report begins with a review of the history of the IMT, and the linear and change-point linear 
models. Then it reviews the published comparisons of the IMT and other analysis software, relying heavily 
on the accuracy testing that was performed as part of ASHRAE’s Research Project 1050-RP. It also 
includes a detailed description of the basic algorithms and an example of the IMT weather-normalization 
analysis.  
 
From the literature, it was found that the algorithms in the IMT almost exactly reproduce the same 
regression analysis one would get by running any one of the programs that it was compared against (i.e., 
usually to several significant digits). Four sets of accuracy and precision tests were performed as part of the 
testing for ASHRAE Research Project 1050-RP. The first set of tests was designed to test the accuracy and 
precision of IMT's computational and regression engines by comparing IMT results with results from the 
widely used SAS software.  These tests showed that IMT’s 1P and 2p and MVR models were accurate to 
two significant decimal figures, i.e., 99.99 % accurate or better. In the second set of tests, IMT 3P, 4P and 
5P change-point model results were compared to model results from EModel.  These tests also showed 
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agreement to two significant figures, i.e., 99.99 % accurate or better. The third set of accuracy tests was 
designed to see how closely IMT change-point models could identify known change-points and slopes from 
synthetic data.  The results of the third set of tests showed that IMT’s 3PC, 3PH and 4P models were 
accurate to three significant figures, i.e., 99.999 % accurate or better. In the fourth set of accuracy tests, 
IMT’s variable-base heating and cooling degree-day models were compared to PRISM HO and CO models. 
The results of the fourth set of tests showed agreement within 1% of the values calculated with PRISM.   
 
In summary, in the case of IMT’s 1P, 2P, 3P, 4P and MVR models, the program performs to within several 
significant decimal places to the same results from other widely accepted models. In the case of IMT’s 
variable-based degree-day model, agreement is within 1% of the values reported by the Princeton 
Scorekeeping method (PRISM), which is considered acceptable since IMT and PRISM use different search 
algorithms for finding the change-point temperature, and both report results in units that require conversion 
prior to comparison. Therefore, it can be concluded that the IMT is accurate, when it is called upon to 
perform weather normalized regressions for modeling building energy use. 
2.4.4 Cool Roofs 
 
A review of the literature on cool roofs was performed (Haberl and Cho 2004d). In this literature review, 
seventy two (72) articles were reviewed from various sources, including: the literature compiled by the 
American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE); literature listed 
on the websites of the Florida Solar Energy Center (FSEC); the Oak Ridge National Laboratory (ORNL); 
the National Renewal Energy Laboratory (NREL); the Lawrence Berkeley National Laboratory (LBNL); 
the American Council for an Energy Efficient Economy (ACEEE); and the publications of Elsevier. 
Keywords searched were: cool roofs, radiant barrier, high-albedo, attic ventilation, duct, as well as the 
names of the most prolific authors in this area: Dr. Hashem Akbari (LBNL) and Mr. Danny Parker (FSEC). 
 
Twenty-seven of seventy-two papers presented a quantitative cooling energy savings from cool roofs. In 
these twenty-seven articles, cooling energy savings varied from 2% to 44% and averaged about 20%. Ten 
papers presented quantitative savings as the percent (%) savings of peak cooling energy use, two papers 
mentioned heating energy savings, or additional amounts of heating required. The literature indicated that 
the peak cooling energy savings from cool roofs are between 3% and 35%, which depends on ceiling 
insulation levels, duct placement and attic configuration.  
 
Heating energy savings of 11% through 19% were reported for radiant barrier systems, which can reduce 
heat fluxes and, as a result, can reduce heat loss to the attic and to the outside of a building in the winter 
weather condition. One paper reported heating savings of 50%, which was stated to be an impact of the 
roof re-covering, rather than the cool roof systems alone. 
 
More than half (fifteen) of the papers showing energy savings from cool roofs implemented white roof 
systems. Eight papers used radiant barrier systems for cool roofs. The applications of the cool roof systems 
were performed on different building types; eighteen papers contained results from residential buildings 
and seven papers reported results from commercial buildings. No literature could be found on strictly 
industrial buildings that had quantitative savings. The literature reported that the implementation of cool 
roof systems was carried out in different climate conditions. However, most of these climates were in hot-
humid zones of the United States. 
 
Four of nine papers that reported quantitative results applied the white roof systems and showed heat flux 
reductions in the 20% to 72% range. Radiant barrier systems, used in four of the papers reviewed, had 
reduced heat gains from 8% to 98%. Photovoltaic roof systems were even utilized for cool roofs, and were 
reported to decrease cooling load by as much as 35% on a conventional roof. Applications for most of these 
papers were to residential buildings (seven of nine papers). One paper applied a white roof system to the 
commercial buildings along with the residential buildings.  
 
Papers with qualitative analysis for the cool roof systems are also listed. Thirty-five papers showed cooling 
energy savings, two papers peak cooling savings, and five papers reported heating savings from cool roofs. 
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Applications were also mainly to the residential buildings; seventeen papers to the residential buildings, 
four papers to the commercial buildings, and two papers to the industrial buildings. Cooling energy savings 
were also mentioned from the papers that focused primarily on the urban heat island effect. These papers 
mentioned that the cool roof systems contribute to the reduction of the heat island effect. 
2.4.5 DOE-2 Program 
 
A review of the uncertainty of the DOE-2 simulation program by was performed by reviewing the 
published accuracy of DOE-2 simulations versus measured data (Empirical Validation), versus other 
simulation methods (Comparative Test), and versus analytical calculation (Analytical Verification) (Haberl 
and Cho 2004e). This report begins with a review of the history of the DOE-2 simulation program. In 
summary, from the literature it was found that DOE-2 simulations versus measured data were shown to be 
within 10% from 33 of 47 studies and within 26% from 14 of 47 studies, DOE-2 simulations versus 
simulations by other programs showed agreement in the 1% to 30% range (1% to 15% when weighted), 
and DOE-2 predictions versus analytical calculations were shown to vary from 0% to 5%. The sensitivity 
test revealed that DOE-2 versus analytical calculation was shown to be within 0.2% to 18.7%. 
Page 121 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
 
2.5 Weather data  
 
In order to calculate the NOx emissions from energy efficiency and renewable energy (EE/RE) projects, 
several weather data sets needed to be assembled from the many weather sources in Texas (Figure 71 and 
Table 47), including hourly weather data sets needed for the DOE-2 simulations and daily average weather 
data for analysis that used monthly utility billing data.  
 
To accomplish this, the counties were grouped according to the nearest TMY2 weather station as shown in 
Table 48. Next, for each group, weather files were determined for F-CHART, PV F-CHART, ASHRAE 
90.1-1989, and ASHRAE 90.1-1999 analysis. Finally, as shown in Table 49, weather files were assigned 
for NOAA data (i.e., temperature, humidity, wind speed) and NREL (i.e., solar radiation). In some 
instances, where solar radiation data were not available from the NREL database, TCEQ solar data were 
used.  For NREL solar sources, solar data included global horizontal, direct normal beam, and diffuse solar 
radiation.  For TCEQ solar sources, only global horizontal solar radiation data were available which 
required synthesis of direct normal beam and diffuse radiation using an iterative kt procedure (Erbs 1982). 
Synthetic beam and diffuse solar data were also used to fill missing NREL data. 
 
 
 
Figure 71: Available Weather Stations in Texas. 
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Table 47: List of Available Weather Files in Texas (Listed by Symbol). 
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Table 48: Assignment of Weather Stations by County (NOAA, TMY2, F-CHART, PV F-CHART, NAHB, 
Climate Zone, HDD, CDD, 90.1-1989, 90.1-1999). 
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Table 49: Availability of Weather Data by County (NOAA, NREL, TCEQ, ESL). 
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2.5.1 1999 Hourly Weather data  
 
In order to perform the DOE-2 simulations for the 1999 Ozone Episode Period (OEP), hourly weather files 
were assembled for each of the groups of counties. This resulted in (9) hourly 1999 weather files, 
including:  
 
• Tyler/Longview Area (NOAA GGG data, NREL Overton data) 
• Corpus Christi Area (NOAA CRP data, NREL Corpus data) 
• Dallas Ft. Worth Area (NOAA DFW data, NREL Overton data) 
• Victoria area (NOAA VCT data, TCEQ Camp Bullis data) 
• Beaumont – Pt.Arthur area (NOAA Port Arthur A.P. data, TCEQ Galveston A.P. data) 
• San Antonio area (NOAA SAT data, TCEQ Camp Bullis data) 
• Houston/Galveston area (NOAA IAH data, NREL Clear Lake data) 
• Austin area (NOAA ATT site, NREL Austin data) 
• El Paso area (NOAA ELP data, UTEP TCEQ data) 
   
Statistics about the data for each site is presented in Table 50 through Table 58. Time series plots of the 
hourly data are presented in Figure 72 through Figure 80. In Table 50 and Figure 72, data are shown for the 
Tyler/Longview Area (i.e., NOAA GGG data, NREL Overton data), including the statistics about the 
missing data, and time series plots that show the missing data. These plots are then followed by plots for 
the same period that show the data after the data filling routines had been applied to the data for 
temperature and humidity data. For the remaining sites, all data shown represent filled datasets. 
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2.5.1.1 Tyler/Longview Area (NOAA GGG site)  
 
1. Weather data source 
• Weather Station:  Longview E Tx Rgnl Airport (GGG), NOAA 
• Solar Station: Overton, NREL 
 
2. Summary of missing data 
 
 
Table 50: Summary of Missing Data (Tyler/Longview Area - NOAA GGG site). 
 
3. Time series plots for original hourly weather data  
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GGG 1999 Web Bulb Temperature (NOAA)
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Overton 1999 Solar Radiation - Direct Normal (NREL) 
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4. Time series plots for hourly weather data after filling gaps 
GGG 1999 Dry Bulb Temperature (NOAA) After Filling Gaps
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Figure 72: 1999 Hourly Weather Data (Tyler/Longview Area - NOAA GGG site).  
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2.5.1.2 Corpus Christi Area (NOAA CRP site) 
 
1. Weather data source 
• Weather Station: Corpus Christi International Airport (CRP), NOAA 
• Solar Station: Corpus Christi, NREL 
 
2. Summary of missing data 
 
Table 51: Summary of Missing Data (Corpus Christi Area - NOAA CRP site). 
3. Time series plots for hourly weather data after filling gaps 
CRP 1999 Dry Bulb Temperature (NOAA)
0
20
40
60
80
100
120
Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99 Jul-99 Aug-99 Sep-99 Oct-99 Nov-99 Dec-99
Td
b 
[°F
]
 
CRP 1999 Web Bulb Temperature (NOAA) 
0
20
40
60
80
100
120
Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99 Jul-99 Aug-99 Sep-99 Oct-99 Nov-99 Dec-99
Tw
b 
[°F
]
 
Page 130 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
CRP 1999 Dew Point Temperature (NOAA)
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Corpus Christi 1999 Solar Radiation - Global Horizontal (NREL) 
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Corpus Christi 1999 Solar Radiation - Direct Normal (NREL) 
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Figure 73: 1999 Hourly Weather Data (Corpus Christi Area - NOAA CRP site). 
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2.5.1.3 Dallas-Ft. Worth Area (NOAA DFW site)  
 
1. Weather data source 
• Weather Station:  Dallas-Ft. Worth International Airport (DFW), NOAA 
• Solar Station: NREL-Overton, NREL 
 
2. Summary of missing data 
 
Table 52: Summary of Missing Data (Dallas-Ft. Worth Area - NOAA DFW site). 
3. Time series plots for hourly weather data after filling gaps 
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DFW 1999 Dew Point Temperature (NOAA)
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Overton 1999 Solar Radiation - Global Horizontal (NREL) 
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Figure 74: 1999 Hourly Weather Data (Dallas-Ft. Worth Area -NOAA DFW site). 
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2.5.1.4 Victoria Area (NOAA VCT site) 
 
1. Weather data source 
• Weather Station: Victoria Regional Airport (VCT), NOAA 
• Solar Station: C58-Camp Bullis, TCEQ 
 
2. Summary of missing data 
 
Table 53: Summary of Missing Data (Victoria Area -NOAA VCT site). 
3. Time series plots for hourly weather data after filling gaps 
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C58-Camp Bullis 1999 Solar Radiation - Global Horizontal (TCEQ) 
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Figure 75: 1999 Hourly Weather Data (Victoria Area -NOAA VCT site). 
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2.5.1.5 Beaumont - Pt. Arthur Area (NOAA BPT site)  
 
1. Weather data source 
• Weather Station: Port Arthur Se Tx Rgnl Airport (BPT), NOAA 
• Solar Station: C34-Galveston Airport, TCEQ 
 
2. Summary of missing data 
 
Table 54: Summary of Missing Data (Beaumont/Port Arthur Area - NOAA BPT site). 
 
3. Time series plots for hourly weather data after filling gaps 
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C34-Galveston Airport 1999 Solar Radiation - Global Horizontal (TCEQ) 
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Figure 76: 1999 Hourly Weather Data (Beaumont/Port Arthur Area - NOAA BPT site). 
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2.5.1.6 San Antonio Area (NOAA SAT site)  
 
1. Weather data source 
• Weather Station: San Antonio International Airport (SAT), NOAA 
• Solar Station: C-58-Camp Bullis, TCEQ 
 
2. Summary of missing data 
 
Table 55: Summary of Missing Data (San Antonio Area -NOAA SAT site). 
 
3. Time series plots for hourly weather data after filling gaps 
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C-58-Camp Bullis 1999 Solar Radiation - Global Horizontal (TCEQ) 
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Figure 77: 1999 Hourly Weather Data (San Antonio Area -NOAA SAT site). 
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2.5.1.7 Houston/Galveston Area (NOAA IAH site)  
 
1. Weather data source 
• Weather Station:  Houston Bush Intercontinental (IAH), NOAA 
• Solar Station: Clear Lake, NREL 
 
2. Summary of missing data 
 
Table 56: Summary of Missing Data (Houston/Galveston Area - NOAA IAH site). 
3. Time series plots for hourly weather data after filling gaps 
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IAH 1999 Dew Point Temperature (NOAA) 
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Clear Lake 1999 Solar Radiation - Global Horizontal (NREL) 
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Figure 78: 1999 Hourly Weather Data (Houston/Galveston Area - NOAA IAH site). 
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2.5.1.8 Austin Area (NOAA ATT site) 
 
1. Weather data source 
• Weather Station: Austin Camp Mabry (ATT), NOAA 
• Solar Station: Austin, NREL 
 
2. Summary of missing data 
 
Table 57: Summary of Missing Data (Austin Area - NOAA ATT site). 
 
3. Time series plots for hourly weather data after filling gaps 
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ATT 1999 Dew Point Temperature (NOAA) 
0
20
40
60
80
100
120
Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99 Jul-99 Aug-99 Sep-99 Oct-99 Nov-99 Dec-99
Td
p 
[°
F]
 
ATT 1999 Wind Speed (NOAA) 
0
10
20
30
40
Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99 Jul-99 Aug-99 Sep-99 Oct-99 Nov-99 Dec-99
W
in
d 
S
pe
ed
 [K
no
ts
]
 
ATT 1999 Precipitation (NOAA) 
0.0
1.0
2.0
3.0
4.0
Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99 Jul-99 Aug-99 Sep-99 Oct-99 Nov-99 Dec-99
To
ta
l P
re
ci
p.
 [I
nc
he
s]
 
 
 
 
Page 149 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
Austin 1999 Solar Radiation - Global Horizontal (NREL) 
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Figure 79: 1999 Hourly Weather Data (Austin Area -NOAA ATT site). 
Page 150 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
 
2.5.1.9 El Paso Area (NOAA ELP site)  
 
1. Weather data source 
• Weather Station: El Paso International Airport (ELP), NOAA 
• Solar Station: C12-EI Paso UTEP, TCEQ 
 
2. Summary of missing data 
 
Table 58: Summary of Missing Data (El Paso Area -NOAA ELP site). 
3. Time series plots for hourly weather data after filling gaps 
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ELP 1999 Dew Point Temperature (NOAA) 
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C12-El Paso UTEP 1999 Solar Radiation - Global Horizontal (TCEQ) 
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Figure 80: 1999 Hourly Weather Data (El Paso Area - NOAA ELP site). 
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2.5.2 1999 to 2003 Daily Weather data  
 
The second set of weather files that needed to be assembled included daily average temperature, wind 
speed, and precipitation for the following sites:  
 
• Tyler/Longview Area (NOAA GGG data) 
• Corpus Christi Area (NOAA CRP data) 
• Dallas Ft. Worth Area (NOAA DFW data) 
• Victoria area (NOAA VCT data) 
• Beaumont – Port Arthur area (NOAA Port Arthur A.P. data) 
• San Antonio area (NOAA SAT data) 
• Houston/Galveston area (NOAA IAH data) 
• Austin area (NOAA ATT site)  
• El Paso area (NOAA ELP data) 
 
These files were necessary for weather normalizing the analysis that used monthly utility billing data, 
which includes: municipal building retrofits, street lighting retrofits, traffic lighting retrofits, water and 
waste-water retrofits, and wind energy systems. New construction projects for street lights and traffic lights 
also used these data to weather normalize the peak daily use.  
 
For each site, the hourly NOAA weather data were collected from January of 1999 through December of 
2003. These hourly datasets were then inspected to determine the frequency and occurance of missing data. 
In cases where missing data existed, linear interpolation was used to fill in the missing temperature data. 
Missing wind data was filled with the data from the nearest NOAA site that contained data for the missing 
hour. Missing rainfall data were not filled. These data are used the by the emissions calculator to weather 
normalize the annual energy and peak-day energy use for those projects that utilize monthly utility billing 
data. 
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2.5.2.1 Tyler/Longview Area (NOAA GGG site) 
 
1. Time series plot for average daily dry bulb temperature  
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2. Time series plot for average daily wind speed  
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3. Time series plot for daily total precipitation 
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Figure 81: 1999 – 2003 Daily Weather Data (Tyler/Longview Area -NOAA GGG site). 
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2.5.2.2 Corpus Christi Area (NOAA CRP site) 
 
1. Time series plot for average daily dry bulb temperature  
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2. Time series plot for average daily wind speed  
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3. Time series plot for daily total precipitation 
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Figure 82: 1999 – 2003 Daily Weather Data (Corpus Christi Area NOAA CRP site). 
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2.5.2.3 Dallas-Ft. Worth Area (NOAA DFW site) 
 
1. Time series plot for average daily dry bulb temperature  
DFW 1999-2003 Average Daily Dry Bulb Temperature (NOAA)
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2. Time series plot for average daily wind speed  
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3. Time series plot for daily total precipitation 
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Figure 83: 1999 – 2003 Daily Weather Data (Dallas-Ft. Worth Area - NOAA DFW site). 
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2.5.2.4 Victoria Area (NOAA VCT site) 
 
1. Time series plot for average daily dry bulb temperature  
VCT 1999-2003 Average Daily Dry Bulb Temperature (NOAA)
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2. Time series plot for average daily wind speed  
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3. Time series plot for daily total precipitation 
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Figure 84: 1999 – 2003 Daily Weather Data (Victoria Area -NOAA VCT site). 
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2.5.2.5 Beaumont - Port Arthur Area (NOAA BPT site) 
 
1. Time series plot for average daily dry bulb temperature  
BPT 1999-2003 Average Daily Dry Bulb Temperature (NOAA)
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2. Time series plot for average daily wind speed  
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3. Time series plot for daily total precipitation 
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Figure 85: 1999 – 2003 Daily Weather Data (Beaumont / Port Arthur Area - NOAA BPT site). 
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2.5.2.6 San Antonio Area (NOAA SAT site) 
 
1. Time series plot for average daily dry bulb temperature  
SAT 1999-2003 Average Daily Dry Bulb Temperature (NOAA)
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2. Time series plot for average daily wind speed  
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3. Time series plot for daily total precipitation 
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Figure 86: 1999 – 2003 Daily Weather Data (San Antonio Area - NOAA SAT site). 
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2.5.2.7 Houston/Galveston Area (NOAA IAH site) 
 
1. Time series plot for average daily dry bulb temperature  
IAH 1999-2003 Average Daily Dry Bulb Temperature (NOAA)
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2. Time series plot for average daily wind speed  
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3. Time series plot for daily total precipitation 
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Figure 87: 1999 – 2003 Daily Weather Data (Houston/Galveston Area - NOAA IAH site). 
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2.5.2.8 Austin Area (NOAA ATT site) 
 
1. Time series plot for average daily dry bulb temperature  
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2. Time series plot for average daily wind speed  
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3. Time series plot for daily total precipitation 
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Figure 88: 1999 – 2003 Daily Weather Data (Austin Area - NOAA ATT site). 
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2.5.2.9 El Paso Area (NOAA ELP site) 
 
1. Time series plot for average daily dry bulb temperature  
ELP 1999-2003 Average Daily Dry Bulb Temperature (NOAA)
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2. Time series plot for average daily wind speed  
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3. Time series plot for daily total precipitation 
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Figure 89: 1999 – 2003 Daily Weather Data (El Paso Area - NOAA ELP site). 
Page 163 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
 
3 REFERENCES  
 
ASHRAE 1989. Energy Efficient Design of New Buildings Except Low-rise Residential Buildings. 
ASHRAE Standard 90.1-1989. 
 
ASHRAE 1999. Energy Efficient Design of New Buildings Except Low-rise Residential Buildings. 
ASHRAE Standard 90.1-1999. 
 
CBECS 1995. USDOE Commerical Building Energy Characteristics Survey. U.S.D.O.E. Energy 
Information Agency Report.  
 
Erbs, D., Klein, G., Duffie, S. 1982. Estimation of the diffuse fraction for hourly, daily and monthly-
average global radiation. Solar Energy, Vol. 28, pp. 293-301. 
 
Haberl, J., Im, P., Culp, C. 2004. NOx Emissions Reductions From Implementation of the 2000 IECC/IRC 
Conservation Code to Residential Construction in Texas. Proceedings of the Fourteenth Symposium on 
Improving Building Systems in Hot and Humid Climates, Texas A&M University, Richardson, Texas, 
accepted for publication (February), pp. 139-150. 
 
Haberl, J., Cho, S. 2004a. Literature Review of Uncertainty of Analysis Methods: F-Chart Program. Energy 
Systems Laboratory Report, No. ESL-TR-04/08-04 (October). 
 
Haberl, J., Cho, S. 2004b. Literature Review of Uncertainty of Analysis Methods: PV F-Chart Program. 
Energy Systems Laboratory Report, No. ESL-TR-04/10-02 (October). 
 
Haberl, J., Cho, S. 2004c. Literature Review of Uncertainty of Analysis Methods: ASHRAE Inverse Model 
Toolkit (IMT). Energy Systems Laboratory Report, No. ESL-TR-04/10-03 (October). 
 
Haberl, J., Cho, S. 2004d. Literature Review of Uncertainty of Analysis Methods: Cool Roofs. Energy 
Systems Laboratory Report, No. ESL-TR-04/10-04 (October). 
 
Haberl, J., Cho, S. 2004e. Literature Review of Uncertainty of Analysis Methods: Cool Roofs. Energy 
Systems Laboratory Report, No. ESL-TR-04/11-01 (November). 
 
IECC 2000. International Energy Conservation Code. International Code Congress, Falls Church, VA, 
Second printing, January 2001.  
 
IECC 2001. 2001 Supplement to the International Codes. International Code Congress, Falls Church, VA, 
Second printing, March 2001.  
 
IRC 2000. International Residential Code for One and Two Family Dwellings. International Code 
Congress, Falls Church, VA, Second printing, January.   
 
Kissock, K., Haberl, J.S., Claridge, D.E. 2002. Development of a Toolkit for Calculating Linear, Change-
point Linear and Multiple-Linear Inverse Building Energy Analysis Models. Final Report for ASHRAE 
Research Project, No. 1050-RP. 
 
Klein, S.A., Beckman, W.A. 1983. F-Chart Solar Energy System Analysis: Version 5. F-Chart Software, 
4406 Fox Bluff Road, Middleton, Wisc. 53562, www.fchart.com. 
 
Klein, S.A., Beckman, W.A. 1985. PV F-Chart User’s Manual: DOS Version. F-Chart Software, 4406 Fox 
Bluff Road, Middleton, Wisc. 53562, www.fchart.com. 
 
Page 164 
December 2004 Energy Systems Laboratory, Texas A&M University 
 
Klein, S.A., Beckman, W.A. 1993. F-Chart Solar Energy System Analysis: Version 6.17W. F-Chart 
Software, 4406 Fox Bluff Road, Middleton, Wisc. 53562, www.fchart.com. 
 
LBNL 2000. DOE-2.1e, ver. 107, Documentation Update Package #2, Simulation Research Group, 
Lawrence Berkeley National Laboratory, University of California at Berkeley, Berkeley, CA (March). 
  
NAHB 2000. Builder Practices Survey Reports, National Association of Home Builders, Research Center, 
Upper Marlboro, Maryland (September).  
 
NOAA 1993. Automated Surface Observing System Guide for Pilots, National Oceanic and Atmospheric 
Administration, U.S. Department of Commerce, National Weather Service (April).  
 
NREL 1995. User’s Manual for TMY2s (Typical Meteorological Years), NREL/SP-463-7668, National 
Renewable Energy Laboratory (June). 
 
 
